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©  Heat  developable  light-sensitive  material. 

  A  heat  developable  light-sensitive  material  capable  of 
giving  images  of  high  density  and  less  fog  in  a  short  period 
of  time,  and  which  is  excellent  in  stability.  The  heat 
developable  light-sensitive  material  comprises  a  support  and 
is  formed  thereon  a  heat  developable  light-sensitive  layer, 
wherein  said  light-sensitive  material  contains  at  least  one 
compound  selected  from  the  group  consisting  of  com- 
pounds  represented  by  formula  (I)  or  (II)  as  a  base  precursor: 

wherein  R  represents  a  substituted  or  unsubstituted  alkyl 
group,  a  substituted  or  unsubstituted  cycloalkyl  group,  a 
substituted  or  unsubstituted  alkenyl  group,  a  substituted  or 
unsubstituted  alkynyl  group,  a  substituted  or  unsubstituted 
aralkyl  group,  a  substituted  or  unsubstituted  aryl  group  or  a 
heterocyclic  group;  X  represents  a  substituent;  P  represents 
an  integer  of  0  to  4;  B  represents  a  monoacidic  base  or 

diacidic  base;  M  represents  an  alkali  metal  or  an  alkaline 
earth  metal;  and  m  represents  1  when  B  represents  monoaci- 
dic  base  and  represents  2  when  B  represents  diacidic  base, 
and  m'  represents  the  valence  number  of  M. 



FIELD  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to  a  h e a t   d e v e l o p a b l e   l i g h t -  

s e n s i t i v e   m a t e r i a l   c o n t a i n i n g   a  b a s e   p r e c u r s o r .  

BACKGROUND  OF  THE  INVENTION 

A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   u s u a l l y  

c o n t a i n s   a  b a s e   or  a  b a s e   p r e c u r s o r   in   t h e   l i g h t -  

s e n s i t i v e   m a t e r i a l   f o r   a c c e l e r a t i n g   t h e   d e v e l o p m e n t   b y  

h e a t i n g .   A l s o ,   in  t h i s   c a s e ,   i t   is   p r e f e r r e d   to   u s e   a  

b a s e   p r e c u r s o r   c a p a b l e   of  r e l e a s i n g   a  b a s i c   m a t e r i a l   b y  

h e a t   d e c o m p o s i t i o n   f r o m   t h e   v i e w   p o i n t   of  t h e   s h e l f   l i f e  

of   t h e   l i g h t - s e n s i t i v e   m a t e r i a l .  

T y p i c a l   e x a m p l e s   of  t h e   b a s e   p r e c u r s o r   a r e   d e s c r i b e d  

in   U.K.  P a t e n t   No.  9 9 8 , 9 4 9 .   P r e f e r r e d   b a s e   p r e c u r s o r s  

a r e   s a l t s   of  c a r b o x y l i c   a c i d s   and  o r g a n i c   b a s e s .   U s e f u l  

c a r b o x y l i c   a c i d   i n c l u d e s   t r i c h l o r o a c e t i c   a c i d ,   t r i -  

f l u o r o a c e t i c   a c i d ,   e t c . ,   and  u s e f u l   o r g a n i c   b a s e   i n c l u d e s  

g u a n i d i n e ,   p i p e r i d i n e ,   m o r p h o l i n e ,   p - t o l u i d i n e ,   2 -  

p i c o l i n e ,   e t c .   G u a n i d i n e   t r i c h l o r o a c e t a t e   d e s c r i b e d   i n  

U . S .   P a t e n t   No.  3 , 2 2 0 , 8 4 6   is   p a r t i c u l a r l y   u s e f u l   f o r   s u c h  

a  p u r p o s e .   A l s o ,   t h e   a l d o n a m i d e s   d e s c r i b e d   in   J a p a n e s e  

P a t e n t   A p p l i c a t i o n   (OPI )   No.  2 2 , 6 2 5 / ' 7 5   a r e   d e c o m p o s e d  

a t   h i g h   t e m p e r a t u r e   to   f o rm  a  b a s e   and  a r e   p r e f e r a b l y  

u s e d . ( t h e   t e r m   " O P I "   i n d i c a t e s   an  u n e x a m i n e d   p u b l i s h e d  

p a t e n t   a p p l i c a t i o n   o p e n   to  p u b l i c   i n s p e c t i o n ) .  



H o w e v e r ,   many  of  t h e s e   b a s e   p r e c u r s o r s   r e q u i r e  

a  r e l a t i v e l y   l o n g   p e r i o d   of  t i m e   fo r   o b t a i n i n g   i m a g e s  

and  c a u s e   s e v e r e   f o g .   A l s o ,   t h e s e   b a s e   p r e c u r s o r s  

h a v e   t h e   d i s a d v a n t a g e s   t h a t   t h e y   are   e a s i l y   i n f l u e n c e d  

by  a i r   and  h u m i d i t y ,   to   d e c o m p o s e   and  to   c h a n g e   p h o t o -  

g r a p h i c   c h a r a c t e r i s t i c s   of  t h e   l i g h t - s e n s i t i v e   m a t e r i a l ,  

or   g r e a t l y   r e d u c e   t h e   s h e l f   l i f e   of  t h e   l i g h t -  

s e n s i t i v e   m a t e r i a l s   c o n t a i n i n g   t h e m .  

For   o v e r c o m i n g   s u c h   a  d i s a d v a n t a g e ;   s u l f o n y l -  

a c e t a t e s   a r e   p r o p o s e d   in   J a p a n e s e   P a t e n t   A p p l i c a t i o n  

( O P I )   No.  1 6 8 , 4 4 1 / ' 8 4 .   T h e s e   m a t e r i a l s   a r e   e x c e l l e n t  

f r o m   t h e   v i e w   p o i n t   of  p r o v i d i n g   i m a g e s   h a v i n g   a  h i g h  

d e n s i t y   in  a  s h o r t   p e r i o d   of  t i m e ,   bu t   a r e   s t i l l   n o t  

t o t a l l y   s u f f i c i e n t   in   p r o v i d i n g   h i g h   d e n s i t y ,   or  c a u s e  

a  s i d e   a c t i o n   of   f o r m i n g   s e v e r e   f o g .   F u r t h e r m o r e ,   s o m e  

of   t h e   a b o v e - d e s c r i b e d   b a s e   p r e c u r s o r s   a r e   i n s u f f i c i e n t  

w i t h   r e s p e c t   to   t h e   s h e l f   l i f e   of  t h e   l i g h t - s e n s i t i v e  

m a t e r i a l   b e f o r e   h e a t   d e v e l o p m e n t .  

SUMMARY  OF  THE  INVENTION 

An  o b j e c t   of   t h i s   i n v e n t i o n   is  to  p r o v i d e   a  h e a t  

d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   c a p a b l e   of   g i v i n g  

i m a g e s   of  h i g h   d e n s i t y   in  a  s h o r t   p e r i o d   of  t i m e   w i t h o u t  

b e i n g   a c c o m p a n i e d   by  t h e   a f o r e s a i d   d i s a d v a n t a g e s .  

A n o t h e r   o b j e c t   o f   t h i s   i n v e n t i o n   is  to   p r o v i d e   a  

h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   c o n t a i n i n g   a  



n o v e l   b a s e   p r e c u r s o r   c a p a b l e   of  g i v i n g   i m a g e s   h a v i n g  

h i g h   d e n s i t y   and  l e s s   f o g .  

S t i l l   a n o t h e r   o b j e c t   of   t h i s   i n v e n t i o n   is  to  p r o v i d e  

a  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   e x c e l l e n t  

in   s t a b i l i t y   w i t h   t h e   p a s s a g e   of  t i m e .  

The  t e r m i n o l o g y   " s t a b i l i t y   w i t h   t h e   p a s s a g e   o f  

t i m e "   r e f e r s   to  t h e   t i m e   d u r i n g   s t o r a g e   of  a  h e a t  

d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   b e f o r e   h e a t  

d e v e l o p m e n t ,   t h e   h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e  

m a t e r i a l   shows  l e s s   c h a n g e   of  p h o t o g r a p h i c   p e r f o r m a n c e  

s u c h   as  t h e   maximum  d e n s i t y ,   t h e   minimum  d e n s i t y ,   t h e  

s e n s i t i v i t y ,   e t c .  

I t   has   now  b e e n   d i s c o v e r e d   t h a t   t h e   a b o v e - d e s c r i b e d  

o b j e c t s   of  t h i s   i n v e n t i o n   can  be  a t t a i n e d   by  t h e   h e a t  

d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   c o n t a i n i n g   a t   l e a s t  

one  of  c o m p o u n d s   r e p r e s e n t e d   by  f o r m u l a   ( I )   or  ( I I )  

w h e r e i n   R  r e p r e s e n t s   a  s u b s t i t u t e d   or  u n s u b s t i t u t e d   a l k y l  

g r o u p ,   a  s u b s t i t u t e d   or  u n s u b s t i t u t e d   c y c l o a l k y l   g r o u p ,  

a  s u b s t i t u t e d   or  u n s u b s t i t u t e d   a l k e n y l   g r o u p ,   an  s u b s t i t u t e d  

or   u n s u b s t i t u t e d   a l k y n y l   g r o u p ,   a  s u b s t i t u t e d   o r  



u n s u b s t i t u t e d   a r a l k y l   g r o u p ,   a  s u b s t i t u t e d   or   u n -  

s u b s t i t u t e d   a r y l   g r o u p ,   or  a  h e t e r o c y c l i c   r i n g   b u t   d o e s  

n o t   r e p r e s e n t   a  c a r b o x y m e t h y l   g r o u p ;   X  r e p r e s e n t s   a  

s u b s t i t u e n t ;   p  r e p r e s e n t s   an  i n t e g e r   of  0  to   4;  B 

r e p r e s e n t s   a  m o n o -   or  d i - a c i d i c   b a s e ;   M  r e p r e s e n t s   a n  

a l k a l i   m e t a l   or  an  a l k a l i n e   e a r t h   m e t a l ,   m  r e p r e s e n t s  

1  when  B  r e p r e s e n t s   m o n o a c i d i c   b a s e   and  r e p r e s e n t s   2 

when  B  r e p r e s e n t s   d i a c i d i c   b a s e   and  m'  r e p r e s e n t s   t h e  

v a l e n c e   n u m b e r   o f   M. 

DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

In  f o r m u l a e   ( I )   and  ( I I ) ,   t h e   a l k y l   g r o u p ,  

c y c l o a l k y l   g r o u p ,   a l k e n y l   g r o u p ,   and  a l k y n y l   g r o u p  

r e p r e s e n t e d   by  R  p r e f e r a b l y   h a v e   f rom  1  to  8  c a r b o n  

a t o m s ,   and  t h e   a r a l k y l   g r o u p   and  a r y l   g r o u p   r e p r e s e n t e d  

by  R  p r e f e r a b l y   h a v e   a t   m o s t   8  c a r b o n   a t o m s .   I t   i s  

p r e f e r r e d   t h a t   t h e   h e t e r o c y c l i c   r i n g   shown  by  R  has   a t  

l e a s t   one  of  n i t r o g e n   a t o m ,   an  o x y g e n   a tom  and  a  s u l f u r  

a tom  as  a  h e t e r o   a tom  of  a  5-  or  6 - m e m b e r e d   h e t e r o -  

c y c l i c   r i n g .   E a c h   g r o u p   r e p r e s e n t e d   by  R  may  b e  

s u b s t i t u t e d   and  p r e f e r r e d   e x a m p l e s   of  t h e   s u b s t i t u e n t  

a r e   an  a l k y l   g r o u p ,   an  a l k y l   or   a r y l   s u l f o n y l   g r o u p ,   a  

s u l f a m o y l   g r o u p ,   an  N - a l k y l -   or  N - a r y l s u l f a m o y l   g r o u p ,  

a  c a r b a m o y l   g r o u p ,   an  N - a l k y l   or  an  a r y l c a r b a m o y l   g r o u p ,  

an  a l k y l   o r   a r y l s u l f o n a m i d o   g r o u p ,   an  a l k y l   or   a r y l -  

a c y l a m i n o   g r o u p ,   a  h a l o g e n   a t o m ,   and  a  h y d r o x y c a r b o n y l  



g r o u p ,   e t c .   These   s u b s t i t u e n t s   may  f u r t h e r   h a v e  a  

s t i t u e n t   s e l e c t e d   f rom  g r o u p s   d i s c l o s e d   h e r e i n a f t e r   a s  

p r e f e r r e d   e x a m p l e s   of  X.  

S p e c i f i c   e x a m p l e s   of  t h e   g r o u p s   shown  by  R  a r e  

a  m e t h y l   g r o u p ,   an  e t h y l   g r o u p ,   a  b u t y l   g r o u p ,   an  o c t y l  

g r o u p ,   a  2 - e t h y l h e x y l   g r o u p ,   a  p h e n y l   g r o u p ,   a  p -  

c h l o r o p h e n y l   g r o u p ,   a  p - b r o m o p h e n y l   g r o u p ,   a  p - m e t h y l -  

p h e n y l   g r o u p ,   a  m - ( d i e t h y l s u l f a m o y l ) p h e n y l   g r o u p ,   a  

1 - n a p h t h y l   g r o u p ,   a  2 - n a p h t h y l   g r o u p ,   a  b e n z y l   g r o u p ,   a  

p y r i d y l   g r o u p ,   a  p y r a z o l y l   g r o u p ,   i m i d a z o l y l   g r o u p ,   e t c .  

I t   is  d e s i r a b l e   t h a t   B  is  a  b a s e   w h i c h   is   c o n v e n -  

t i o n a l l y   u s e d   in  a  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e  

m a t e r i a l ,   t h a t   i s ,   a  mono-   or  d i - a c i d i c   b a s e   h a v i n g   p K a  

of  7  or  h i g h e r   and  h a v i n g   n o t   more   t h a n   12  c a r b o n   a t o m s ,  

and  B  is  p r e f e r a b l y   a  low  v o l a t i l e   b a s e   h a v i g   pKa  o f  

10  or  h i g h e r   and  a  b o i l i n g   p o i n t   of  1 5 0 ° C .   or  h i g h e r .  

More  p r e f e r a b l y ,   B  r e p r e s e n t s   o r g a n i c   b a s e s ,   e s p e c i a l l y ,  

a  m o n o a c i d i c   or  d i a c i d i c   n i t r o g e n - c o n t a i n i n g   s u l f e r - f r e e  

b a s e ,   for  example,  a romat ic   or  a l i p h a t i c   amines  or  d iamines ,   p i p e r i d i n e s  

p i p e r a d i n e s ,   g u a n i d i n e s ,   c y c l i c   g u a n i d i n e s ,   a m i d i n e s ,  

c y c l i c   a m i d i n e s , t e t r a a l k y l a m m o n i u m   h y d r o x i d e s ,   e t c .  

P r e f e r r e d   e x a m p l e s   of   B  a r e   d i m e t h y l a m i n e ,   d i e t h y l a m i n e ,  

p i p e r i d i n e ,   p i p e r a d i n e ,   e t h y l e n e d i a m i n e ,   N , N ' - d i m e t h y l -  

e t h y l e n e d i a m i n e ,   a c e t a m i d i n e ,   d i a z a b i c y l o n o n e n e ,  

d i a z a b i c y c l o u n d e c e n e ,   t e t r a m e t h y l a m m o n i u m   h y d r o x i d e ,  

t e t r a e t h y l a m m o n i u m   h y d r o x i d e ,  



t e t r a m e t h y l e t h y l e n e d i a m i n e ,   N , N , N ' N ' - t e t r a m e t h y l -  

t e t r a m e t h y l e n e d i a m i n e ,   e t c .  

X  p r e f e r a b l y   d o e s   n o t   i n c l u d e   a  c a r b o x y m e t h y l -  

s u l f o n y l   g r o u p .   P r e f e r r e d   e x a m p l e s   of  X  a r e   a  h y d r o g e n  

a t o m ,   a  h a l o g e n   a t o m ,   an  a l k y l   g r o u p ,   a  c y c l o a l k y l  

g r o u p ,   an  a r a l k y l   g r o u p ,   an  a l k o x y   g r o u p ,   an  a r y l o x y  

g r o u p ,   an  a r y l   g r o u p ,   an  a c y l a m i n o   g r o u p ,   an  a c y l   g r o u p ,  

a  cyano   g r o u p ,   an  a l k y l s u l f o n y l a m i n o   g r o u p ,   a  n i t r o  

g r o u p ,   an  a r y l s u l f o n y l a m i n o   g r o u p ,   an  a l k y l s u l f o n y l  

g r o u p ,   an  a r y l s u l f o n y l   g r o u p ,   a  s u l f a m o y l   g r o u p ,   a  

s u b s t i t u t e d   s u l f a m o y l   g r o u p ,   a  c a r b a m o y l   g r o u p ,   a  s u b -  

s t i t u t e d   c a r b a m o y l   g r o u p ,   an  a l k y l t h i o   g r o u p ,   an  a r y l -  

t h i o   g r o u p ,   an  a l k o x y c a r b o n y l   g r o u p ,   an  a r y l o x y c a r b o n y l  

g r o u p ,   an  a l k y l   o r   a r y l   a c y l o x y   g r o u p ,   - O M 1 / m ' ,   - C O O M 1 / m '  

-OH·B1 /m  ( w h e r e i n   -OH  is  p h e n o l i c ) ,   - C O O H · B 1 / m ' ,   w h e r e i n  

M,  B,  m  and  m'  h a v e   same  d e f i n i t i o n s   as  d e f i n e d   h e r e i n -  

a b o v e .   In  t h e s e   g r o u p s ,   an  a l k y l   g r o u p   and  an  a r y l  

g r o u p   may  be  f u r t h e r   s u b s t i t u t e d .  

P r e f e r r e d   e x a m p l e s   of  M  a r e   Na+ ,   K+,  Cs+ ,   B a + + ,  

e t c .  

I t   i s   p r e f e r r e d   t h a t   t h e   c a r b o x y m e t h y l s u l f o n y l  

g r o u p   be  a t   a  p a r a - p o s i t i o n   to  t h e   p o s i t i o n   of   t h e  

s u l f o n y l   g r o u p   ( R S O 2 - ) .  



S p e c i f i c   e x a m p l e s   of  t h e   b a s i c   p r e c u r s o r   a r e  

i l l u s t r a t e d   b e l o w   b u t   t h e   i n v e n t i o n   i s   n o t   l i m i t e d   t o  

t h e s e   m a t e r i a l s .  















The  b a s e   p r e c u r s o r s   of   t h i s   i n v e n t i o n   can   b e  

p r e p a r e d   by  t h e   f o l l o w i n g   s y n t h e s i s   m e t h o d s .  

a)  An  a r y l s u l f o n e   h a v i n g   an  a p p r o p r i a t e   r e l e a s a b l e  

g r o u p   ( e . g . ,   h a l o g e n )   is  r e a c t e d   w i t h   t h i o g l y c o l i c   a c i d  

i n   t h e   p r e s e n c e   of   a  b a s e   to  f o r m   a  s u l f i d e   and  t h e n  

t h e   s u l f i d e   i s   o x i d i z e d   to   f o r m   a - s u l f o n y l a c e t i c   a c i d .  

The  s a l t   f o r m i n g   m e t h o d   i s   c o n v e n t i o n a l .  

b)  An  a r y l s u l f o n e   i s   r e a c t e d   w i t h   c h l o r o s u l f o n i c  

a c i d   and  t h e   r e a c t i o n   p r o d u c t   i s   r e d u c e d   w i t h   s o d i u m  

s u l f i t e   to   f o r m   s u l f i n i c   a c i d ,   w h i c h   i s   c o n d e n s e d   w i t h  

an  a - h a l o a c e t i c   a c i d   e s t e r   to  f o r m   an  a - s u l f o n y l   a c e t i c  

a c i d   e s t e r .   T h e n ,   by  a l k a l i - h y d r o l y z i n g   t h e   p r o d u c t   a t  

room  t e m p e r a t u r e ,   a - s u l f o n y l a c e t i c   a c i d   is   o b t a i n e d .   T h e  

s a l t   f o r m a t i o n   i s   p e r f o r m e d   by  a  c o n v e n t i o n a l   m e t h o d .  

T h e n ,   p r a c t i c a l   s y n t h e s i s   e x a m p l e s   a r e   shown   b e l o w .  

S y n t h e s i s   E x a m p l e   1 

S y n t h e s i s   of   B a s e   P r e c u r s o r   ( 1 ) :  

To  600  ml  of  c h l o r o b e n z e n e   w e r e   a d d e d   272  g  o f  

a n h y d r o u s   a l u m i n u m   c h l o r i d e   and   229  g  of  m e t h a n e s u l f o n y l  

c h l o r i d e   and   t h e   m i x t u r e   was  h e a t e d   on  a  s t e a m   b a t h   f o r  

6  h o u r s   w i t h   s t i r r i n g .   The  s o l u t i o n   t h u s   f o r m e d   w a s  

p o u r e d   i n t o   i c e - w a t e r ,   and  t h e n   t h e   p r o d u c e   was  e x t r a c t e d  

w i t h   400  ml  of   m e t h y l e n e   c h l o r i d e .   M e t h y l e n e   c h l o r i d e  

was  d i s t i l l e d   o f f   f rom  t h e   e x t r a c t   u n d e r   r e d u c e d   p r e s s u r e .  

To  t h e   r e s i d u e   t h u s   f o r m e d   was  a d d e d   300  ml  of   m e t h a n o l ,  



t h e   m i x t u r e   was  c o o l e d   to  1 5 ° C ,   and  c r y s t a l s   t h u s  

d e p o s i t e d   were   c o l l e c t e d   by  f i l t r a t i o n   to  p r o v i d e   212  g 

l - c h l o r o - 4 - m e t h y l s u l f o n y l   b e n z e n e   h a v i n g   a  m e l t i n g   p o i n t  

of  92  to  9 4 ° C .  

To  1 .6   l i t e r s   of  d i m e t h y l f o r m a m i d e   w e r e   a d d e d  

144  g  of  t h i o g l y c o l i c   a c i d   (85%  in  p u r i t y )   and  532  g  o f  

a  28%  m e t h a n o l   s o l u t i o n   of  s o d i u m   m e t h o x i d e   to  fo rm  t h e  

d i s o d i u m   s a l t   of  t h i o g l y c o l i c   a c i d .   To  t h e   s a l t   w a s  

a d d e d   200  g  of  l - c h l o r o - 4 - m e t h y l s u l f o n y l   b e n z e n e   p r e -  

p a r e d   above   and  w h i l e   d i s t i l l i n g   o f f   m e t h a n o l ,   t h e   m i x t u r e  

was  h e a t e d   to  100°C  f o r   6  h o u r s   w i t h   s t i r r i n g ,   w h e r e b y  

a  l a r g e   amoun t   of  a  w h i t e  s a l t   d e p o s i t e d .   The  r e a c t i o n  

m i x t u r e   t h u s   f o r m e d   was  a d d e d   to  an  a q u e o u s   h y d r o c h l o r i c  

a c i d   s o l u t i o n   and  t h e   p r o d u c t   t h u s   f o r m e d   was  e x t r a c t e d  

t w i c e ,   e a c h   t ime   w i t h   400  ml  of  m e t h y l e n e   c h l o r i d e .  

T h e n ,   t h e   m e t h y l e n e   c h l o r i d e   was  d i s t i l l e d   o f f   u n d e r  

r e d u c e d   p r e s s u r e ,   and  to   t h e   r e s i d u e   t h u s   f o r m e d   w e r e  

a d d e d   270  ml  of  t o l u e n e   and  30  ml  of  e t h y l   a c e t a t e .  

The  r e a c t i o n   m i x t u r e   was  c o o l e d   to  5°C  and  p - m e t h y l -  

s u l f o n y l p h e n y l s u l f e n y l a c e t i c   a c i d   t h u s   d e p o s i t e d   w a s  

c o l l e c t e d   by  f i l t r a t i o n .   The  a m o u n t   of  t h e   p r o d u c t   w a s  

120  g  and  t h e   m e t l i n g   p o i n t   was  136  to  1 3 9 ° C .  

To  600  ml  of  w a t e r   w e r e   a d d e d   120  g  of  p - m e t h y l -  

s u l f o n y l p h e n y l s u l f e n y l a c e t i c   a c i d   and  1  g  of  s o d i u m  

t u n g e s t i n a t e ,   and  t h e n   120  g  of   35%  h y d r o g e n   p e r o x i d e   w a s  



a d d e d   d r o p w i s e   t h e r e t o   a t   a  t e m p e r a t u r e   b e l o w   8 5 ° C .  

F u r t h e r m o r e ,   a f t e r   s t i r r i n g   t h e   m i x t u r e ,   t h e   r e a c t i o n  

m i x t u r e   was  c o o l e d   and  c r y s t a l s   t h u s   d e p o s i t e d   w e r e  

c o l l e c t e d   by  f i l t r a t i o n   to   p r o v i d e   130  g  of  p - m e t h y l -  

s u l f o n y l p h e n y l s u l f o n y l a c e t i c   a c i d .   The  m e l t i n g   p o i n t  

t h e r e o f   was  191  to  193°C  ( d e c o m p d . ) .  

To  a  m i x t u r e   of  2 7 . 8   g  of   p - m e t h y l s u l f o n y l p h e n y l -  

s u l f o n y l a c e t i c   a c i d   and  140  ml  of  m e t h a n o l   was  a d d e d  

d r o p w i s e   w i t h   c a r e   an  a q u e o u s   s o l u t i o n   of  a b o u t   9  g  o f  

g u a n i d i n e   c a r b o n a t e   to  n e u t r a l i z e   t h e   c o m p o u n d .   C r y s t a l s  

t h u s   f o r m e d   w e r e   c o l l e c t e d   to   p r o v i d e   2 9 . 0   g  o f   B a s e  

P r e c u r s o r   ( 1 ) .   The  m e l t i n g   p o i n t   was  246  t o  

250°C  ( d e c o m p d . ) .  

S y n t h e s i s   E x a m p l e   2 

S y n t h e s i s   of  B a s e   P r e c u r s o r   ( 2 3 ) :  

From  200  g  of  a n h y d r o u s   a l u m i n u m   c h l o r i d e ,   153  m l  

of  b e n z e n e s u l f o n y l   c h l o r i d e ,   138  ml  of  b r o m o b e n z e n e ,   a n d  

600  ml  of  m e t h y l e n e   c h l o r i d e   was  p r e p a r e d   220  g  of  p -  

b r o m o p h e n y l - p h e n y l - s u l f o n e   a c c o r d i n g   to   t h e   m e t h o d   o f  

J o u r n a l   of  Chew.  S o c . ,   p  2508  ( 1 9 6 0 ) .   To  100  ml  o f  

c h l o r o s u l f o n i c   a c i d   was  a d d e d   100  g  of   p - b r o m o p h e n y l -  

p h e n y l s u l f o n e ,   and  a f t e r   s t i r r i n g   t h e   m i x t u r e   f o r   4  h o u r s  

a t   130  to  1 4 0 e C ,   t h e   m i x t u r e   was  p o u r e d   i n t o   i c e   w a t e r  

to   p r o v i d e   121  g  of   3 - ( 4 - b r o m o p h e n y l s u l f o n y l ) b e n z e n e -  

s u l f o n y l   c h l o r i d e .  



To  150  ml  of   w a t e r   was  added   85  g  of  s o d i u m   s u l f i t e  

and  t h e n   54  g  of   3 - ( 4 - b r o m o p h e n y l s u l f o n y l ) b e n z e n e s u l f o n y l  

c h l o r i d e   was  a d d e d   t h e r e t o .   A f t e r   s t i r r i n g   t h e   m i x t u r e  

f o r   2  h o u r s   a t   5 0 ° C ,   t h e   r e a c t i o n   m i x t u r e   t h u s   o b t a i n e d  

was  i c e - c o o l e d   and  c r y s t a l s   t h u s   f o r m e d   w e r e   c o l l e c t e d  

by  f i l t r a t i o n .   To  t h e   c r y s t a l s   t h u s   o b t a i n e d   w e r e   a d d e d  

40  ml  of  w a t e r ,   40  ml  of  a c e t o n i t r i l e   and  15  ml  o f  

m e t h y l   c h l o r o a c e t a t e   f o l l o w e d   by  r e f l u x i n g   f o r   2  h o u r s .  

The  r e a c t i o n   m i x t u r e   t h u s   f o r m e d   was  e x t r a c t e d   w i t h  

c h l o r o f o r m   and  t h e n   c h l o r o f o r m   was  d i s t i l l e d   o f f   f r o m  

t h e   e x t r a c t   to  p r o v i d e   32 .7   g  of  o i l y   3 - ( 4 - b r o m o p h e n y l -  

s u l f o n y l ) p h e n y l s u l f o n y l a c e t i c   a c i d   m e t h y l   e s t e r .   T h e n ,  

t h e   o i l y   p r o d u c t   t h u s   o b t a i n e d   was  a d d e d   to  a  m i x t u r e  

of  60  ml  of  w a t e r ,   60  ml  of  m e t h a n o l ,   and  8 .1   g  o f  

p o t a s s i u m   h y d r o x i d e   and  t h e   r e s u l t a n t   m i x t u r e   was  s t i r r e d  

f o r   one  hour   a t   room  t e m p e r a t u r e .   A f t e r   a d d i n g   20  m l  

of  35%  h y d r o c h l o r i c   a c i d   to  t h e   r e a c t i o n   m i x t u r e ,   t h e  

m i x t u r e   was  i c e - c o o l e d   and  c r y s t a l s   t h u s   d e p o s i t e d   w e r e  

c o l l e c t e d   by  f i l t r a t i o n   to  p r o v i d e   2 5 . 4   g  of   3 - ( 4 -  

b r o m o p h e n y l s u l f o n y l ) p h e n y l s u l f o n y l a c e t i c   a c i d .   By 

n e u t r a l i z i n g   21  g  of   t h e   c r y s t a l s   t h u s   o b t a i n e d   w i t h  

4 . 5   g  of  g u a n i d i n e   c a r b o n a t e   as  in  S y n t h e s i s   E x a m p l e   1 ,  

2 2 . 3   g  of  Base   P r e c u r s o r   (23)   was  o b t a i n e d .   The  m e l t i n g  

p o i n t   was  85°C  and  t h e   d e c o m p o s i t i o n   p o i n t   was  9 5 ° C .  

O t h e r   b a s e   p r e c u r s o r s   c o u l d   be  a l s o   p r e p a r e d   in   a n  



a n a l o g o u s   m a n n e r   as  a b o v e ,   and  t h e   m e l t i n g   p o i n t s   o f  

t y p i c a l   p r e c u r s o r s   a r e   shown  in  t h e   f o l l o w i n g   t a b l e .  

In  t h e   p r e s e n t   i n v e n t i o n   a  h e a t   d e v e l o p a b l e   s i l v e r  

h a l i d e   l i g h t - s e n s i t i v e   m a t e r i a l   may  be  u s e d   as  a  h e a t  



d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l .   The  s i l v e r   h a l i d e  

l i g h t - s e n s i t i v e   m a t e r i a l   c o m p r i s e s   a  s u p p o r t   h a v i n g  

c o a t e d   t h e r e o n   at  l e a s t   one  s i l v e r   h a l i d e   e m u l s i o n   l a y e r  

c o m p r i s i n g   a  s i l v e r   h a l i d e   d i s p e r s e d   in  a  b i n d e r .   T h e  

s i l v e r   h a l i d e   l i g h t - s e n s i t i v e   m a t e r i a l   may  f u r t h e r   h a v e  

a t   l e a s t   one  of  an  i n t e r l a y e r ,   a  f i l t e r   l a y e r ,   a n  

a n t i h a l a t i o n   l a y e r ,   a  p r o t e c t i v e   l a y e r ,   and  an  i m a g e  

f i x i n g   ( r e c e i v i n g )   l a y e r .  

The  b a s e   p r e c u r s o r   of  t h e   p r e s e n t   i n v e n t i o n   may  b e  

i n c o r p o r a t e d   i n t o   any  of  t h e s e   l a y e r s ;   h o w e v e r ,   i t   i s  

p r e f e r a b l y   i n c o r p o r a t e d   in   a  s i l v e r   h a l i d e   e m u l s i o n   l a y e r .  

When  t h e   f i x i n g   l a y e r   i s   p r o v i d e d   on  a  d i f f e r e n t   s u p p o r t  

f rom  t h a t   on  w h i c h   t h e   s i l v e r   h a l i d e   e m u l s i o n   l a y e r   i s  

c o a t e d ,   t h e   b a s e   p r e c u r s o r   may  be  i n c o r p o r a t e d   to  t h i s  

f i x i n g   l a y e r .   In  t h i s   c a s e   a  f i x i n g   m a t e r i a l   h a v i n g   a  

f i x i n g   l a y e r   and  a  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e -  

r i a l   a r e   u s e d   in   c o m b i n a t i o n .  

E x a m p l e s   of  s i l v e r   h a l i d e   i n c l u d e   s i l v e r   c h l o r i d e ,  

s i l v e r   c h l o r o b r o m i d e ,   s i l v e r   c h l o r o i o d i d e ,   s i l v e r   b r o m i d e ,  

s i l v e r   i o d o b r o m i d e ,   s i l v e r   c h l o r o i o d o b r o m i d e ,   s i l v e r   i o d i d e .  

An  o r g a n i c   s i l v e r   s a l t   s u c h   as  s i l v e r   b e n z o t r i a z o l e   m a y  

a l s o   be  i n c o r p o r a t e d   to   a  s i l v e r   h a l i d e   e m u l s i o n   as  a n  

o x i d i z i n g   a g e n t .  

The  b a s e   p r e c u r s o r   i s   i n c o r p o r a t e d   i n t o   a t   l e a s t   o n e  

of  a b o v e - d e s c r i b e d   l a y e r s   by  d i s s o l v i n g   i t   i n t o   w a t e r   o r  



an  o r g a n i c   s o l v e n t   h a v i n g   a  low  b o i l i n g   p o i n t   ( s u c h   a s  

m e t h a n o l )   or  a  h i g h   b o i l i n g   p o i n t   ( s u c h   as  t h o s e   d i s -  

c l o s e d   h e r e i n a f t e r   as  a  s o l v e n t   f o r   a  dye  p r o v i d i n g  

m a t e r i a l ) ,   and  d i s s o l v i n g   or  d i s p e r s i n g   t h e   t h u s   o b t a i n e d  

s o l u t i o n   to   a  c o a t i n g   c o m p o s i t i o n   f o r   t h e   l a y e r .   T h e  

b a s e   p r e c u r s o r   may  a l s o   be  d i s p e r s e d   in   a  b i n d e r   s o l u t i o n  

d i r e c t l y .  

The  e f f e c t   of  t h e   b a s e   p r e c u r s o r   of   t h i s   i n v e n t i o n  

i s   p a r t i c u l a r l y   r e m a r k a b l e   when  u s e d   t o g e t h e r   w i t h   a  

l i g h t - s e n s i t i v e   s i l v e r   h a l i d e   e m u l s i o n   t h a t   h a s   b e e n  

s p e c t r a l l y   s e n s i t i z e d .   T h a t   i s ,   when  t h e   p r e c u r s o r   i s  

u s e d   t o g e t h e r   w i t h   a  s p e c t r a l l y   s e n s i t i z e d   l i g h t - s e n s i t i v e  

s i l v e r   h a l i d e   e m u l s i o n ,   t h e   e x t e n t   of  i n c r e a s i n g   t h e  

image   d e n s i t y   i s   p a r t i c u l a r l y   h i g h .  

The  s p e c t r a l   s e n s i t i z a t i o n   of  s i l v e r   h a l i d e   e m u l s i o n s  

is   p e r f o r m e d   u s i n g   m e t h i n e   d y e s ,   e t c .   E x a m p l e s   of  d y e s  

u s e f u l   f o r   s p e c t r a l   s e n s i t i z a t i o n   i n c l u d e   c y a n i n e   d y e s ,  

m e r o c y a n i n e   d y e s ,   c o m p l e x   c y a n i n e   d y e s ,   c o m p l e x   m e r o c y a n i n e  

d y e s ,   h o l o p o l a r   c y a n i n e   d y e s ,   h e m i c y a n i n e   d y e s ,   s t y r y l  

d y e s ,   and  h e m i o x o n o l e   d y e s .   P a r t i c u l a r l y   u s e f u l   d y e s   a r e  

c y a n i n e   d y e s ,   m e r o c y a n i n e   d y e s ,   and  c o m p l e x   m e r o c y a n i n e  

d y e s .   Fo r   t h e s e   d y e s ,   n u c l e i   u s u a l l y   u t i l i z e d   f o r   c y a n i n e  

d y e s   can   be  a p p l i e d   as  b a s i c   h e t e r o c y c l i c   r i n g   n u c l e i .  

For   e x a m p l e ,   t h e r e   a r e   p y r r o l i n e   n u c l e i ,   o x a z o l i n e   n u c l e i ,  

t h i a z o l i n e   n u c l e i ,   p y r r o l e   n u c l e i ,   o x a z o l e   n u c l e i ,  



t h i a z o l e   n u c l e i ,   s e l e n a z o l e   n u c l e i ,   i m i d a z o l e   n u c l e i ,  

t e t r a z o l e   n u c l e i ,   p y r i d i n e   n u c l e i ,   e t c . ;   t h e   n u c l e i  

f o r m e d   by  t h e   f u s i o n   of   a l i p h a t i c   h y d r o c a r b o n   r i n g s   t o  

t h e   f o r e g o i n g   n u c l e i   and  t h e   n u c l e i   f o r m e d   by  t h e   f u s i o n  

of   a r o m a t i c   h y d r o c a r b o n   r i n g s   to  t h e   f o r e g o i n g   n u c l e i ,  

s u c h   as  i n d o l e n i n e   n u c l e i ,   b e n z i n d o l e n i n e   n u c l e i ,   i n d o l e  

n u c l e i ,   b e n z o x a z o l e   n u c l e i ,   n a p h t h o x a z o l e   n u c l e i ,   b e n z o -  

t h i a z o l e   n u c l e i ,   n a p h t h o t h i a z o l e   n u c l e i ,   b e n z o s e l e n a z o l e  

n u c l e i ,   b e n z i m i d a z o l e   n u c l e i ,   q u i n o l i n e   n u c l e i ,   e t c .  

T h e s e   n u c l e i   may  be  s u b s t i t u t e d   on  c a r b o n   a t o m s .  

For   t h e   m e r o c y a n i n e   dye  or  c o m p l e x   m e r o c y a n i d e   d y e  

can   be  a p p l i e d   a  5-  or  6 - m e m b e r e d   h e t e r o c y c l i c   n u c l e u s  

s u c h   as  a  p y r a z o l i n - 5 - o n e   n u c l e u s ,   t h i o h y d a n t o i n   n u c l e u s ,  

a  2 - t h i o o x a z o l i d i n e - 2 , 4 - d i o n e   n u c l e u s ,   a  t h i a z o l i d i n e -  

2 , 4 - d i o n e   n u c l e u s ,   a  r h o d a n i n e   n u c l e u s ,   a  t h i o b a r b i t u r i c  

a c i d   n u c l e u s ,   e t c . ,   as  a  n u c l e u s   h a v i n g   a  k e t o m e t h y l e n e  

s t r u c t u r e .  

T h e s e   s e n s i t i z i n g   d y e s   may  be  u s e d   i n d i v i d u a l l y   o r  

as  a  c o m b i n a t i o n   t h e r e o f .   A  c o m b i n a t i o n   of  s e n s i t i z i n g  

d y e s   i s   f r e q u e n t l y   u s e d   f o r   s u p e r s e n s i t i z a t i o n .  

E x a m p l e s   of  u s e f u l   s e n s i t i z i n g   d y e s   a r e   d e s c r i b e d  

i n ,   f o r   e x a m p l e ,   German  P a t e n t   No.  9 2 9 , 0 8 0 ;   U . S .   P a t e n t  

N o s .   2 , 4 9 3 , 7 4 8 ;   2 , 5 0 3 , 7 7 6 ;   2 , 5 1 9 , 0 0 1 ;   2 , 9 1 2 , 3 2 9 ;  

3 , 6 5 6 , 9 5 9 ;   3 , 6 7 2 , 8 9 7 ;   3 , 6 9 4 , 2 1 7 ;   4 , 0 2 5 , 3 4 9 ;   4 , 0 4 6 , 5 7 2 ;  

U.K.   P a t e n t   No.  1 , 2 4 2 , 5 8 8 ;   J a p a n e s e   P a t e n t   P u b l i c a t i o n  



N o s .   1 4 , 0 3 0 / ' 6 9   and   2 4 , 8 4 4 / ' 7 7 .  

The  a m o u n t   of  t h e   s e n s i t i z i n g   dye  i s   f r om  0 . 0 0 1   g 

to   20  g,  and  p r e f e r a b l y   f rom  0 . 0 1   g  to   2  g  p e r   100  g  o f  

s i l v e r   of  t h e   s i l v e r   h a l i d e   e m u l s i o n .  

The  b a s e   or  t h e   b a s e   p r e c u r s o r   of   t h i s   i n v e n t i o n  

can   be  u s e d   in   an  a m o u n t   of  a  w i d e   r a n g e .   The   u s e f u l  

r a n g e   i s   n o t   more   t h a n   50%  by  w e i g h t ,   u s u a l l y   n o t   l e s s  

t h a n   0 .001%  by  w e i g h t ,   p r e f e r a b l y   0.01%  by  w e i g h t   to  40% 

by  w e i g h t   of   t h e   t o t a l   w e i g h t   of  t h e   d r y   c o a t e d   l a y e r   o f  

a  l i g h t - s e n s i t i v e   m a t e r i a l .  

In  t h i s   i n v e n t i o n ,   s i l v e r   may  be  u s e d   as  t h e   i m a g e -  

f o r m i n g   m a t e r i a l   or  v a r i o u s   i m a g e - f o r m i n g   m a t e r i a l s   m a y  

be  u s e d   in   v a r i o u s   m a n n e r s .  

For   e x a m p l e ,   c o u p l e r s   w h i c h   f o r m   c o l o r   i m a g e s   b y  

c o m b i n i n g   w i t h   t h e   o x i d a t i o n   p r o d u c t   of  a  d e v e l o p i n g  

a g e n t   w h i c h   i s   c o n v e n t i o n a l l y   u s e d   f o r   l i q u i d   d e v e l o p m e n t  

can   be  u s e d   as  t h e   i m a g e - f o r m i n g   m a t e r i a l s   in   t h i s   i n v e n -  

t i o n .   T h i s   i n c l u d e s   5 - p y r a z o l o n e   c o u p l e r s ,   p y r a z o l o -  

b e n z i m i d a z o l e   c o u p l e r s ,   c y a n o a c e t y l c u m a r o n e   c o u p l e r s ,  

o p e n   c h a i n   a c y l a c e t o n i t r i l e   c o u p l e r s ,   e t c . ,   as  m a g e n t a  

c o u p l e r s ;   a c y l a c e t a m i d o   c o u p l e r s   ( e . g . ,   b e n z o y l a c e t a n i l i d e s ,  

p y v a l o y l a c e t a n i l i d e s ,   e t c . ) ,   e t c .   as  y e l l o w   c o u p l e r s ;   a n d  

n a p h t h o l   c o u p l e r s ,   p h e n o l   c o u p l e r s ,   e t c . ,   as  c y a n  

c o u p l e r s .   N o n - d i f f u s i b l e   c o u p l e r s   h a v i n g   a  h y d r o p h o b i c  

g r o u p ,   a  s o - c a l l e d   b a l l a s t   g r o u p ,   in   t h e   m o l e c u l e ,   o r  



p o l y m e r i z e d   c o u p l e r s   a re   p r e f e r r e d .   The  c o u p l e r s   may  b e  

f o u r   e q u i v a l e n t   or  two  e q u i v a l e n t   to  s i l v e r .   A l s o ,   t h e  

c o u p l e r s   may  be  c o l o r e d   c o u p l e r s   h a v i n g   a  c o l o r   c o r r e c -  

t i o n   e f f e c t   or  s o - c a l l e d   DIR  c o u p l e r s   c a p a b l e   of  r e l e a s -  

i ng   a  d e v e l o p m e n t   i n h i b i t o r   w i t h   t h e   p r o g r e s s   of  d e v e l o p -  

m e n t .  

A l s o ,   d y e s   f o r m i n g   p o s i t i v e   c o l o r   i m a g e s   by  a  

p h o t o g r a p h i c   s i l v e r   dye  b l e a c h i n g   p r o c e s s ,   f o r   e x a m p l e ,  

t h e   d y e s   d e s c r i b e d   in  R e s e a r c h   D i s c l o s u r e ,   A p r i l   1 9 7 6 ,  

p a g e s   30 -32   ( R D - 1 4 4 3 3 ) ,   i b i d . ,   D e c e m b e r   1 9 7 6 ,   p a g e s   1 4 - 1 5  

( R D - 1 5 2 2 7 ) ,   U . S .   P a t e n t   4 , 2 3 5 , 9 5 7   and  t h e   l e u c o   d y e s  

d e s c r i b e d   in   U .S .   P a t e n t s   3 , 9 8 5 , 5 6 5 ;   4 , 0 2 2 , 6 1 7 ,   e t c .  

A l s o ,   t h e   d y e s   h a v i n g   i n t r o d u c e d   t h e r e i n   a  n i t r o g e n -  

c o n t a i n i n g   h e t e r o c y c l i c   r i n g   g r o u p   d e s c r i b e d   in   R e s e a r c h  

D i s c l o s u r e ,   May  1 9 7 8 ,   p a g e s   5 4 - 5 8 ,   ( R D - 1 6 9 6 6 )   can  be  u s e d .  

F u r t h e r m o r e ,   a  d y e - p r o v i d i n g   m a t e r i a l s   r e l e a s i n g  

a  m o b i l e   dye  by  u t i l i z i n g   a  c o u p l i n g   r e a c t i o n   w i t h   a  

r e d u c i n g   a g e n t   o x i d i z e d   by  an  o x i d a t i o n   r e d u c t i o n   r e a c t i o n  

w i t h   s i l v e r   h a l i d e   or  an  o r g a n i c   s i l v e r   s a l t   upon   h e a t  

d e v e l o p m e n t   a t   h i g h   t e m p e r a t u r e   d e s c r i b e d   in   E u r o p e a n  

P a t e n t   A p p l i c a t i o n   ( p u b l i s h e d )   Nos .   7 9 , 0 5 6   and  6 7 , 4 5 5 ;  

West   German  P a t e n t   No.  3 , 2 1 7 , 8 5 3 ,   e t c . ,   and  a  d y e -  

p r o v i d i n g   m a t e r i a l s   r e l e a s i n g   a  m o b i l e   dye   as  t h e   r e s u l t  

of  an  o x i d a t i o n - r e d u c t i o n   r e a c t i o n  w i t h   s i l v e r   h a l i d e   o r  

an  o r g a n i c   s i l v e r   s a l t   upon   h e a t   d e v e l o p m e n t   at  a  h i g h  



t e m p e r a t u r e   d e s c r i b e d   in   E u r o p e a n   P a t e n t   A p p l i c a t i o n  

( p u b l i s h e d )   Nos .   7 6 , 4 9 2 ,   6 6 , 2 8 2 ,   1 2 0 , 3 0 6   and  1 1 9 , 4 7 0 ;  

Wes t   German  P a t e n t   No.  3 , 2 1 5 , 4 8 5 ,   can   be  u s e d .  

The  d y e - p r o v i d i n g   m a t e r i a l s   u s e d   in  t h i s   i n v e n t i o n  

a r e   p r e f e r a b l y   shown  by  f o l l o w i n g   f o r m u l a   ( C I )  

w h e r e i n   Dye  r e p r e s e n t s   a  dye   m o i e t y   w h i c h   b e c o m e s   a  m o b i l e  

dye   when  r e l e a s e d   f r o m   t h e   m o l e c u l e   and  h a s ,   p r e f e r a b l y ,  

a  h y d r o p h i l i c   g r o u p .   As  s u c h   d y e s ,   t h e r e   a r e   an  azo  d y e ,  

an  a z o m e t h i n e   d y e ,   an  a n t h r a q u i n o n e   d y e ,   a  n a p h t h o q u i n o n e  

d y e ,   a  s t y r y l   d y e ,   a  n i t r o   d y e ,   a  q u i n o l i n e   d y e ,   a  

c a r b o n y l   dye ,   a  p h t h a l o c y a n i n e   d y e ,   e t c . ,   and  s p e c i f i c  

e x a m p l e s   of  them  a r e   shown  b e l o w .   In  a d d i t i o n ,   t h e s e   d y e s  

can   be  u s e d   as  t h e   f o r m   of   h a v i n g   t h e i r   a b s o r p t i o n   t e m p o -  

r a r i l y   s h i f t e d   to   a  s h o r t   w a v e l e n g t h   s i d e ,   w h i c h   can  r e -  

c o v e r   t h e   o r i g i n a l   c o l o r   by  d e v e l o p m e n t .  

For  e x a m p l e ,   t h e   d y e s   d e s c r i b e d   in  E u r o p e a n   P a t e n t  

A p p l i c a t i o n   ( p u b l i s h e d )   No.  7 6 , 4 9 2   can   be  t h u s   u t i l i z e d .  

X  in  t h e   a f o r e s a i d   f o r m u l a   r e p r e s e n t s   a  s i m p l e   b o n d  

or  a  l i n k a g e   g r o u p ,   s u c h   a s ,   f o r   e x a m p l e ,   -NR-  g r o u p  

( w h e r e i n   R  r e p r e s e n t s   a  h y d r o g e n   a t o m ,   an  a l k y l   g r o u p   o r  

a  s u b s t i t u t e d   a l k y l   g r o u p ) ,   - S 0 2 -   g r o u p ,   -CO-  g r o u p ,   a n  

a l k y l e n e   g r o u p ,   a  s u b s t i t u t e d   a l k y l e n e   g r o u p ,   a  p h e n y l e n e  

g r o u p ,   a  s u b s t i t u t e d   p h e n y l e n e   g r o u p ,   a  n a p h t h y l e n e   g r o u p ,  

a  s u b s t i t u t e d   n a p h t h y l e n e   g r o u p ,   -0 -   g r o u p ,   -SO-  g r o u p ,  



or  a  g r o u p   f o r m e d   by  t h e   c o m b i n a t i o n   of  two  or  m o r e  

a b o v e - d e s c r i b e d   g r o u p s .  

Y  in  t h e   a b o v e   f o r m u l a   r e p r e s e n t s   a  g r o u p   h a v i n g  

a  p r o p e r t y   of  r e l e a s i n g   Dye  in  d i r e c t   or  i n v e r s e  

p r o p o r t i o n   to  a  l i g h t - s e n s i t i v e   s i l v e r   s a l t   h a v i n g  

i m a g e w i s e   l a t e n t   i m a g e s   to  form  a  d i f f e r e n c e   in   d i f f u s i -  

b i l i t y   b e t w e e n   t h e   r e l e a s e d   dye  and  t h e   c o m p o u n d   s h o w n  

by  D y e - X - Y .  

The  g r o u p   r e p r e s e n t e d   by  Y  is   now  e x p l a i n e d   i n  

d e t a i l .  

Y  in  f o r m u l a   (CI)   d e s c r i b e d   a b o v e   is   s e l e c t e d  

so  t h a t   t h e   c o m p o u n d   r e p r e s e n t e d   by  f o r m u l a   (CI)   b e c o m e s  

a  n o n - d i f f u s i b l e   i m a g e - f o r m i n g   c o m p o u n d   w h i c h   i s   o x i d i z e d  

and  s e l f - c l e a v e d   as  r e s u l t   of  d e v e l o p m e n t   to  p r o v i d e  

a  d i f f u s i b l e   d y e .  

An  e x a m p l e   of  Y  e f f e c t i v e   f o r   t h i s   t y p e   of  c o m p o u n d  

is   an  N - s u b s t i t u t e d   s u l f a m o y l   g r o u p .   An  e x a m p l e   of  Y  i s  

a  g r o u p   r e p r e s e n t e d   by  f o r m u l a   ( C I I )  

w h e r e i n ,  P   r e p r e s e n t s   a  n o n m e t a l l i c   a t o m i c   g r o u p   n e c e s -  

s a r y   fo r   f o r m i n g   a  b e n z e n e   r i n g ,   s a i d   b e n z e n e   r i n g   m a y  

be  c o n d e n s e d   w i t h   a  c a r b o n   r i n g   or  a  h e t e r o c y c l i c   r i n g  



to  f o r m ,   f o r   e x a m p l e ,   a  n a p h t h a l e n e   r i n g ,   a  q u i n o l i n e  

r i n g ,   a  5 , 6 , 7 , 8 - t e t r a h y d r o n a p h t h a l e n e   r i n g ,   a  c h r o m a n  

r i n g ,   e t c .  

a  i n   f o r m u l a   ( C I I )   r e p r e s e n t s   a  g r o u p   r e p r e s e n t e d  

-OG11  or  -NHG12  ( w h e r e i n   G11  r e p r e s e n t s   a  h y d r o g e n   a t o m  

or  a  g r o u p   f o r m i n g   a  h y d r o x y   g r o u p   by  h y d r o l y s i s   and  G12 

r e p r e s e n t s   a  h y d r o g e n   a t o m ,   an  a l k y l   g r o u p   h a v i n g   f r o m  

1  to  22  c a r b o n   a t o m s ,   or  a  h y d r o l y z a b l e   g r o u p ,   and  B a l l  

r e p r e s e n t s   a  b a l l a s t   g r o u p .  

P r a c t i c a l   e x a m p l e s   of  Y  a r e   d e s c r i b e d   in   J a p a n e s e  

P a t e n t   A p p l i c a t i o n   (OPI )   Nos .   3 3 , 8 2 6 / ' 7 3   and  5 0 , 7 3 6 / ' 7 8 .  

A n o t h e r   e x a m p l e   of  Y  s u i t a b l e   f o r   t h e   c o m p o u n d   o f  

t h i s   t y p e   i s   t h e   g r o u p   r e p r e s e n t e d   by  f o r m u l a   ( C I I I )  

w h e r e i n   B a l l ,   a ,   and  b  h a v e   t h e   same  m e a n i n g   as  in  t h e  

c a s e   of   f o r m u l a   ( C I I )   and  S'  r e p r e s e n t s   an  a t o m i c   g r o u p  

n e c e s s a r y   f o r   f o r m i n g   a  c a r b o c y c l i c   r i n g ,   s u c h   as  a  

b e n z e n e   r i n g ,   and  s a i d   b e n z e n e   r i n g   may  be  c o n d e n s e d  

w i t h   a  c a r b o n   r i n g   or   a  h e t e r o c y c l i c   r i n g   to   f o r m   a  

n a p h t h a l e n e   r i n g ,   a  q u i n o l i n e   r i n g ,  a   5 , 6 , 7 , 8 - t e t r a -  

h y d r o n a p h t h a l e n e   r i n g ,   a  c h r o m a n   r i n g ,   e t c .   P r a c t i c a l  

e x a m p l e s   of   Y  o f   t h i s   t y p e   a r e   d e s c r i b e d   in   J a p a n e s e  

P a t e n t   A p p l i c a t i o n   (OPI)   Nos .   1 1 3 , 6 2 4 / ' 7 6 ;   1 2 , 6 4 2 / ' 8 1 ;  



1 6 , 1 3 0 / ' 8 1 ;   1 6 , 1 3 1 / ' 8 1 ;   4 0 4 3 / ' 8 2 ;   6 5 0 / ' 8 2   and  U . S .  

P a t e n t   4 , 0 5 3 , 3 1 2 .  

F u r t h e r m o r e ,   s t i l l   o t h e r   e x a m p l e   of  Y  s u i t a b l e   f o r  

t h e   compound   of  t h i s   t y p e   is  t h e   g r o u p   r e p r e s e n t e d   b y  

f o r m u l a   ( C I V )  

w h e r e i n   B a l l ,   a ,   and  b  have   t h e   same  m e a n i n g   as  i n  

t h e   c a s e   of  f o r m u l a   ( C I I )   and  β"   r e p r e s e n t s   an  a t o m i c  

g r o u p   f o r m i n g   a  h e t e r o c y c l i c   r i n g   s u c h   as  a  p y r o z o l e   r i n g ,  

a  p y r i d i n e   r i n g ,   e t c . ,   s a i d   h e t e r o c y c l i c   r i n g   may  b e  

c o n d e n s e d   w i t h   a  c a r b o n   r i n g   or  a  h e t e r o c y c l i c   r i n g .  

P r a c t i c a l   e x a m p l e s   of  Y  of  t h i s   t y p e   a r e   d e s c r i b e d   i n  

J a p a n e s e   P a t e n t   A p p l i c a t i o n   (OPI)  No.  1 0 4 , 3 4 3 / ' 7 6 .  

F u r t h e r m o r e ,   o t h e r   e x a m p l e   of  Y  s u i t a b l e   f o r   t h e  

compound   of  t h i s   t y p e   is   t h e   g r o u p   r e p r e s e n t e d   by  formula  (CV) 

w h e r e i n   y  p r e f e r a b l y   r e p r e s e n t s   a  h y d r o g e n   a t o m ,   a n  

s u b s t i t u t e d   or  u n s u b s t i t u t e d   a l k y l   g r o u p ,   a  s u b s t i t u t e d  

or  u n s u b s t i t u t e d   a r y l   g r o u p ,   a  s u b s t i t u t e d   or  u n s u b s t i t u t e d  

h e t e r o c y c l i c   r i n g   g r o u p ,   or  -CO-G21  ( w h e r e i n   G21  r e p r e s e n t s  



- O G 2 2  w h e r e i n   G22  r e p r e s e n t s   a  

h y d r o g e n   a t o m ,   an  a l k y l   g r o u p ,   a  c y c l o a l k y l   g r o u p ,   o r  

an  a r y l   g r o u p ;   G23  r e p r e s e n t s   a  h y d r o g e n   a t o m ,   an  a l k y l  

g r o u p ,   a  c y c l o a l k y l   g r o u p ,   an  a r y l   g r o u p ,   or  an  a c y l  

g r o u p   i n d u c e d   f rom  an  a l i p h a t i c   c a r b o x y l i c   a c i d ,   a n  

a r o m a t i c   c a r b o x y l i c   a c i d   or  s u l f o n i c   a c i d ;   and  G24  

r e p r e s e n t s   a  h y d r o g e n   a tom  or  an  u n s u b s t i t u t e d   o r  

s u b s t i t u t e d   a l k y l   g r o u p ) ;   and  δ  r e p r e s e n t s   a  r e s i d u e  

c o m p l e t i n g   a  c o n d e n s e d   b e n z e n e   r i n g .  

P r a c t i c a l   e x a m p l e s   of  Y  of  t h i s   k i n d   a r e   d e s c r i b e d  

in   J a p a n e s e   P a t e n t   A p p l i c a t i o n   (OPI)   Nos .   1 0 4 , 3 4 3 / ' 7 6 ;  

4 6 , 7 3 0 / ' 7 8 ;   1 3 0 , 1 2 2 / ' 7 9 ;   8 5 , 0 5 5 / ' 8 2 ,   e t c .  

M o r e o v e r ,   as  Y  s u i t a b l e   f o r   t h e   c o m p o u n d   of  t h i s  

t y p e ,   t h e r e   is  t h e   g r o u p   r e p r e s e n t e d   by  f o r m u l a   ( C V I )  

w h e r e i n   B a l l   is   same  as  t h e   c a s e   of  f o r m u l a   ( C I I ) ;   ε  

r e p r e s e n t s   an  o x y g e n   a tom  or  =NG 32  g r o u p   ( w h e r e i n   G32 

r e p r e s e n t s   a  h y d r o x y   g r o u p   or  an  amino   g r o u p   w h i c h   m a y  

h a v e   a  s u b s t i t u e n t ) ;   in   t h i s   c a s e ,   e x a m p l e s   of   t h e   c o m -  

p o u n d   H2N-G32  f rom  w h i c h   t h e   =NG32  g r o u p   i s   d e r i v e d  

i n c l u d e   h y d r o x y l a m i n e ,   h y d r a z i n e s ,   s e m i c a r b a z i d e s ,  



t h i o s e m i c a r b a z i d e s ,   e t c . ;   β " '   r e p r e s e n t s   an  a t o m i c  

g r o u p   f o r m i n g   a  5 - m e m b e r e d ,   6 - m e m b e r e d   or  7 - m e m b e r e d  

s a t u r a t e d   or  u n s a t u r a t e d   n o n - a r o m a t i c   h y d r o c a r b o n   r i n g ;  

and  G31  r e p r e s e n t s   a  h y d r o g e n   a tom  or  a  h a l o g e n   a t o m  

s u c h   as  f l u o r i n e ,   c h l o r i n e ,   b r o m i n e ,   e t c .   P r a c t i c a l  

e x a m p l e s   of  Y  of  t h i s   k i n d   a r e   d e s c r i b e d   in  J a p a n e s e  

P a t e n t   A p p l i c a t i o n   (OPI)   Nos .   3 8 1 9 / ' 7 8 ;   4 8 , 5 3 4 / ' 7 9 ,   e t c .  

E x a m p l e s   of  Y  of  t h e   c o m p o u n d   of  t h i s   t y p e  

i n c l u d e   g r o u p s   as  d e s c r i b e d ,   f o r   e x a m p l e ,   in   J a p a n e s e  

P a t e n t   P u b l i c a t i o n   N o s .   3 2 , 1 2 9 / ' 7 3   and  3 9 , 1 6 5 / ' 7 3 ;  

J a p a n e s e   P a t e n t   A p p l i c a t i o n   (OPI)   No.  6 4 , 4 3 6 / ' 7 4 ;   U . S .  

P a t e n t   No.  3 , 4 4 3 , 9 3 4 ,   e t c .  

As  s t i l l   a n o t h e r   e x a m p l e   of  Y,  t h e r e   i s   t h e   g r o u p  

r e p r e s e n t e d   by  f o r m u l a   ( C V I I )  

w h e r e i n  a   r e p r e s e n t s   OR41  or  NHR42  ( w h e r e i n   R41  r e p r e s e n t s  

a  h y d r o g e n   atom  or  a  h y d r o l y z a b l e   m o i e t y   and  R 4 2  

r e p r e s e n t s   a  h y d r o g e n   a t o m   or  an  a l k y l   g r o u p   h a v i n g   f r o m  

1  to  50  c a r b o n   a t o m s ) ;   A41  r e p r e s e n t s   an  a t o m i c   g r o u p  

n e c e s s a r y   f o r   f o r m i n g   an  a r o m a t i c   r i n g ;   B a l l   r e p r e s e n t s  

an  o r g a n i c   i m m o b i l i z i n g   g r o u p   d i s p o s e d   on  an  a r o m a t i c  

r i n g ;   m  r e p r e s e n t s   an  i n t e g e r   of   1  or  2;  when  m  is   2 ,  



s a i d   B a l l   g r o u p s   may  be  t h e   same  or  d i f f e r e n t ;   X  r e -  

p r e s e n t s   a  d i v a l e n t   o r g a n i c   g r o u p   h a v i n g   f rom  1  to   8 

c a r b o n   a t o m s   and  f o r m s   a  5-  to  1 2 - m e m b e r e d   r i n g   w i t h  

a  n u c l e o p h i l i c   g r o u p   (Nu)  and  an  e l e c t r o p h i l i c   c e n t e r  

( t h e   c a r b o n   a tom  w i t h   *)  f o r m e d   by  o x i d a t i o n ;   Nu 

r e p r e s e n t s   a  n u c l e o p h i l i c   g r o u p ;   n  r e p r e s e n t s   an  i n t e g e r  

of   1  or  2;  and  a  i s   t h e   same  as  in  t h e   c a s e   of   a b o v e  

f o r m u l a   ( C I I ) .   P r a c t i c a l   e x a m p l e s   of  Y  of  t h i s   k i n d  

a r e   d e s c r i b e d   in   J a p a n e s e   P a t e n t   A p p l i c a t i o n   ( O P I )  

No.  2 0 7 3 5 / ' 8 2 .  

F u r t h e r m o r e ,   as  o t h e r   t y p e   of  t h e   c o m p o u n d   s h o w n  

by  f o r m u l a   ( C I ) ,   t h e r e   i s   a  n o n d i f f u s i b l e   i m a g e - f o r m i n g  

c o m p o u n d   w h i c h   c a u s e s   s e l f   r i n g   c l o s u r e   in   t h e   p r e s e n c e  

of   a  b a s e   to   r e l e a s e   a  d i f f u s i b l e   d y e ,   but   s u b s t a n t i a l l y  

d o e s   n o t   r e l e a s e   t h e   dye  when  t h e   compound   r e a c t s   w i t h  

t h e   o x i d a t i o n   p r o d u c t   of  a  d e v e l o p i n g   a g e n t .  

E x a m p l e s   of   Y  e f f e c t i v e   as  a  compound   of  t h i s   t y p e  

i n c l u d e   g r o u p s   r e p r e s e n t e d   by  f o r m u l a   ( C V I I I )  

w h e r e i n   a '   r e p r e s e n t s   an  o x i d i z a b l e   n u c l e o p h i l i c   g r o u p  

s u c h   as  a  h y d r o x y   g r o u p ,   a  p r i m a r y   or  s e c o n d a r y   a m i n o  

g r o u p ,   a  h y d r o x y a m i n o   g r o u p ,   a  s u l f o n a m i d o   g r o u p ,   e t c . ,  



or  a  p r e c u r s o r   t h e r e o f ;   a "   r e p r e s e n t s   a  d i a l k y l a m i n o  

g r o u p   or  an  o p t i o n a l   g r o u p   d e f i n e d   in  r e g a r d   to  a ' ;  

G51  r e p r e s e n t s   an  a l k y l e n e   g r o u p   h a v i n g   f rom  1  to  3 

c a r b o n   a t o m s ,   a  r e p r e s e n t s   0  or  1,  G52  r e p r e s e n t s   a  

s u b s t i t u t e d   or  u n s u b s t i t u t e d   a l k y l   g r o u p   h a v i n g   f rom  1 

to  40  c a r b o n   a toms  or  a  s u b s t i t u t e d   or  u n s u b s t i t u t e d   a r y l  

g r o u p   h a v i n g   f rom  6  to  40  c a r b o n   a t o m s ,   G53  r e p r e s e n t s  

an  e l e c t r o p h i l i c   g r o u p   s u c h   as  -CO- ,   - C S - ,   e t c . ;   a n d  

G54  r e p r e s e n t s   an  o x y g e n   a t o m ,   a  s u l f u r   a t o m ,   a  s e l e n i u m  

a t o m ,   a  n i t r o g e n   a tom,   e t c . ,   and  when  G54  is   a  n i t r o g e n  

a t o m ,   i t   may  be  s u b s t i t u t e d   by  a  h y d r o g e n   a t o m ,   a  

s u b s t i t u t e d   or  u n s u b s t i t u t e d   a l k y l   g r o u p   h a v i n g   f rom  1 

to  10  c a r b o n   a t o m s ,   or  an  a r o m a t i c   r e s i d u e   h a v i n g   6  t o  

20  c a r b o n   a t o m s ,   G55,  G56  and  G57  e a c h   r e p r e s e n t s   a  

h y d r o g e n   a t o m ,   a  h a l o g e n   a t o m ,   a  g r o u p   c o n t a i n i n g   a  c a r b o n y l  

g r o u p   ( e . g . ,   an  amide   g r o u p   and  -COOH),  a  s u l f a m o y l   g r o u p  

a  s u l f o n a m i d e   g r o u p ,   an  a l k y l o x y   g r o u p   h a v i n g  

f rom  1  to  40  c a r b o n   a toms   or  r e p r e s e n t s   t he   s a m e  

g r o u p   as  d e f i n e d   f o r   G52,  G55  and  G57  t o g e t h e r   may  f o r m  

a  r i n g ,   or  G56  may  b e  

w h e r e i n   at   l e a s t   one  of  G52,  G55,  G56  and  G57  r e p r e s e n t s  

a  b a l l a s t   g r o u p .   E x a m p l e s   of  Y  of  t h e   c o m p o u n d   of  t h i s  

t y p e   i n c l u d e   g r o u p s   as  d e s c r i b e d ,   f o r   e x a m p l e ,   in  J a p a n e s e  

P a t e n t   A p p l i c a t i o n   (OPI)  No.  6 3 , 6 1 8 / ' 7 6 .  



E x a m p l e s   of  Y  s u i t a b l e   f o r   t h e   c o m p o u n d   of  t h i s  

t y p e   i n c l u d e   g r o u p s   r e p r e s e n t e d   by  f o r m u l a e   (CIX)  a n d  

( C X ) :  

w h e r e i n   Nu61  and  Nu62  ( w h i c h   may  be  t h e   same  or  d i f f e r e n t )  

e a c h   r e p r e s e n t s   a  n u c l e o p h i l i c   g r o u p   or   a  p r e c u r s o r  

t h e r e o f ;   Z61  r e p r e s e n t s   a  d i v a l e n t   a t o m i c   g r o u p   w h i c h   i s  

e l e c t r i c a l l y   n e g a t i v e   to  t h e   c a r b o n   a tom  to   w h i c h   R64  a n d  

R65  a r e   s u b s t i t u t e d ;   R61,   R62 ,   and  R63  e a c h   r e p r e s e n t s   a 

h y d r o g e n   a t o m ,   a  h a l o g e n   a t o m ,   an  a l k y l   g r o u p ,   an  a l k o x y  

g r o u p ,   or   an  a c y l a m i n o   g r o u p ;   when  s a i d   R61  and  R62  

a r e   a d j a c e n t l y   d i s p o s e d   on  a  r i n g ,   t h e y   may  f o r m   a  

c o n d e n s e d   r i n g   w i t h   t h e   r e m a i n i n g   m o l e c u l e ,   or   s a i d   R62 

and  R63  may  fo rm  a  c o n d e n s e d   r i n g   w i t h   t h e   r e m a i n i n g  

p a r t   of   t h e   m o l e c u l e ;   R64  and  R65  ( w h i c h   may  be  t h e   s a m e  

or  d i f f e r e n t )   e a c h   r e p r e s e n t s   a  h y d r o g e n   a t o m ,   a  h y d r o -  

c a r b o n   g r o u p   or  a  s u b s t i t u t e d   h y d r o c a r b o n   g r o u p ;   and  a 



s u f f i c i e n t l y   l a r g e   b a l l a s t   g r o u p ,   B a l l   e x i s t s   at   l e a s t  

on  t h e   s u b s t i t u e n t   R61,   R 6 2 ,   R63 ,   R64,   or  R65  f o r  

m a k i n g   i m m o b i l e   the   a f o r e s a i d   c o m p o u n d .   P r a c t i c a l  

e x a m p l e s   of  Y  of  t h i s   k i n d   a r e   d e s c r i b e d   in  J a p a n e s e  

P a t e n t   A p p l i c a t i o n   (OPI)   Nos .   6 9 , 0 3 3 / ' 7 8   and  1 3 0 , 9 2 7 / ' 7 9 .  

A l s o ,   a n o t h e r   Y  s u i t a b l e   f o r   t h e   c o m p o u n d   of  t h i s  

t y p e ,   i s   t h e   g r o u p   r e p r e s e n t e d   by  f o r m u l a   ( C X I )  

w h e r e i n   B a l l   and  β'  a r e   same  as  d e f i n e d   in  f o r m u l a   (C 

I I I ) ;   G71  r e p r e s e n t s   an  a l k y l   g r o u p   or  a  s u b s t i t u t e d  

a l k y l   g r o u p .   P r a c t i c a l   e x a m p l e s   of  Y  of  t h i s   k i n d   a r e  

d e s c r i b e d   in  J a p a n e s e   P a t e n t   A p p l i c a t i o n   (OPI)   N o s .  

1 1 1 , 6 2 8 / ' 7 4   and  4 , 8 1 9 / ' 7 7 .  

M o r e o v e r ,   a n o t h e r   e x a m p l e   of  t h e   c o m p o u n d   shown  b y  

f o r m u l a   (CI)   a b o v e   is  a  n o n - d i f f u s i b l e   i m a g e - f o r m i n g  

c o m p o u n d   w h i c h   does   no t   r e l e a s e   a  dye  by  i t s e l f ,   b u t  

r e l e a s e s   a  dye  when  t h e   c o m p o u n d   r e a c t s   w i t h   a  r e d u c i n g  

a g e n t .   In  t h i s   c a s e ,   i t   is  p r e f e r r e d   to  u s e   a  c o m p o u n d  

m e d i a t i n g   t h e   r e d o x   r e a c t i o n   (a  s o - c a l l e d   e l e c t r o n   d o n o r )  



t o g e t h e r   w i t h   t h e   i m a g e - f o r m i n g   c o n p o u n d .  

As  an  e x a m p l e   of  Y  e f f e c t i v e   f o r   t h e   compound   o f  

t h i s   t y p e ,   t h e r e   is   a  g r o u p   shown  by  f o r m u l a   ( C X I I )  

w h e r e i n   B a l l   and  β '   a r e   same  as  d e f i n e d   in  f o r m u l a   ( C I I I )  

and  G71  r e p r e s e n t s   an  a l k y l   g r o u p   or  a  s u b s t i t u t e d   a l k y l  

g r o u p .   P r a c t i c a l   e x a m p l e s   of  Y  of  t h i s   k i n d   a r e   d e -  

s c r i b e d   in   J a p a n e s e   P a t e n t   A p p l i c a t i o n   (OPI)   Nos .   3 5 , 5 3 3 /  

'78  and  1 1 0 , 8 2 7 / ' 7 8 .  

As  s t i l l   o t h e r   e x a m p l e   of  Y  s u i t a b l e   f o r   t h e  

c o m p o u n d   of  t h i s   t y p e ,   t h e r e   is  t h e   g r o u p   shown  b y  

f o r m u l a   ( C X I I I )  

w h e r e i n   @'ox  and  @"ox  e a c h   r e p r e s e n t s   a  g r o u p   g i v i n g  

a '   or  a"  by  r e d u c t i o n   and  a ' ,   a " ,   G51,  G52,  G53,  G 5 4 ,  

G55,   G56,  G57,  and  a  a r e   same  as  t h e   c a s e   of  f o r m u l a   (C 

V I I I ) .   P r a c t i c a l   e x a m p l e s   of  Y  of  t h i s   k i n d   a r e   d e -  

s c r i b e d   in  J a p a n e s e   P a t e n t   A p p l i c a t i o n   (OPI)  N O . 1 1 0 , 8 2 7 / ' 7 8  



and  U . S .   P a t e n t s   4 , 3 5 6 , 2 4 9   and  4 , 3 5 8 , 5 2 5 .  

O t h e r   e x a m p l e s   of  Y  s u i t a b l e   f o r   t h e   c o m p o u n d   o f  

t h i s   t y p e   i n c l u d e   g r o u p s   r e p r e s e n t e d   by  f o r m u l a e   (CXIV 

A ) a n d   (CXIV  B) 

w h e r e i n   ( N u o x ) 1   and  ( N u o x ) 2 ,   w h i c h   may  be  t h e   same  o r  

d i f f e r e n t ,   e a c h   r e p r e s e n t s   an  o x i d i z e d   n u c l e o p h o l i c   g r o u p  

and  o t h e r   s y m b o l s   a r e   t he   same  as  in  t h e   c a s e s   of  f o r m u l a e  

(CIX)  and  (CX).  P r a c t i c a l   e x a m p l e s   of  Y  of  t h i s   k i n d   a r e  

d e s c r i b e d   in  J a p a n e s e   P a t e n t   A p p l i c a t i o n   (OPI )   N o s .  

1 3 0 , 9 2 7 / ' 7 9   and  1 6 4 , 3 4 2 / ' 8 1 .  

In  t h e   p a t e n t   s p e c i f i c a t i o n s   c i t e d   in   r e g a r d   t o  

formulae  ( C X I I ) ,   ( C X I I I ) ,   (CXIV  A)  and  (CXIV  B) ,   e l e c t r o n  

d o n o r s   w h i c h   can  be  u s e d   w i t h   t he   a f o r e s a i d   c o m p o u n d s  

a r e   d e s c r i b e d .  

A l s o ,   as  o t h e r   t y p e   of  compound   shown  by  g e n e r a l  

f o r m u l a   ( I ) ,   t h e r e   i s   f u r t h e r   a  l i n k e d   d o n o r   a c c e p t o r  



c o m p o u n d   (LDA  c o m p o u n d ) .   T h i s   compound   i s   a  n o n - d i f f u s i b l e  

i m a g e - f o r m i n g   c o m p o u n d   w h i c h   c a u s e s   a  d o n o r - a c c e p t o r  

r e a c t i o n   in   t h e   p r e s e n c e   of  a  b a s e   to  r e l e a s e   a  d i f f u s i b l e  

d y e ,   b u t   d o e s   n o t   s u b s t a n t i a l l y   r e l e a s e   t h e   dye   when  t h e  

c o m p o u n d   r e a c t s   w i t h   t h e   o x i d a t i o n   p r o d u c t   of   a  d e v e l o p -  

ing   a g e n t .  

E x a m p l e   of  Y  e f f e c t i v e   f o r   t h e   c o m p o u n d   of  t h i s  

t y p e ,   t h e r e   i s ,   f o r   e x a m p l e ,   t h e   g r o u p   shown   by  f o l l o w i n g  

f o r m u l a   (CXV).   P r a c t i c a l   e x a m p l e s   of  Y  of   t h i s   k i n d   a r e  

d e s c r i b e d   in  B r i t i s h   P a t e n t   A p p l i c a t i o n   ( p u b l i s h e d )  

No.  2 , 1 4 0 , 9 2 7 .  

w h e r e i n   n,  x,  y ,   and  z  a r e   1  or  2;  m  r e p r e s e n t s   a n  

i n t e g e r   of   1  or  m o r e ;   Don  r e p r e s e n t s   a  g r o u p   c o n t a i n i n g  

an  e l e c t r o n   d o n o r   or  a  p r e c u r s o r   m o i e t y   t h e r e o f ;   L1 

r e p r e s e n t s   an  o r g a n i c   g r o u p   c o n n e c t i n g   Nup  and   - L 2 - E l - Q  

or  Don;   Nup  r e p r e s e n t s   a  p r e c u r s o r   f o r   a  n u c l e o p h i l i c  

g r o u p ;   El  r e p r e s e n t s   an  e l e c t r o p h i l i c   c e n t e r ;   Q  r e p r e s e n t s  

a  d i v a l e n t   g r o u p ;   B a l l   r e p r e s e n t s   a  b a l l a s t   g r o u p ;   L2 

r e p r e s e t n s   a  l i n k a g e   g r o u p   and  M1  r e p r e s e n t s   an  o p t i o n a l  

s u b s t i t u e n t .  



The  b a l l a s t   g r o u p   i s   an  o r g a n i c   b a l l a s t   g r o u p  

c a p a b l e   of  r e n d e r i n g   t h e   dye  i m a g e - f o r m i n g   c o m p o u n d  

n o n d i f f u s i b l e ,   and  i t   i s   p r e f e r r e d   t h a t   t h e   b a l l a s t  

g r o u p   is  a  g r o u p   c o n t a i n i n g   a  h y d r o p h o b i c   g r o u p   h a v i n g  

f rom  8  to  32  c a r b o n   a t o m s .   Such an  o rgan ic   b a l l a s t   group  i s  

b o n d e d   to  t he   dye  i m a g e - f o r m i n g   c o m p o u n d   d i r e c t l y   o r  

t h r o u g h   a  l i n k a g e   g r o u p   ( e . g . ,   an  i m i n o   b o n d ,   an  e t h e r  

b o n d ,   a  t h i o e t h e r   b o n d ,   a  c a r b o n a m i d o   b o n d ,   a  s u l f o n -  

amido   b o n d ,   a  u r e i d o   b o n d ,   an  e s t e r   b o n d ,   an  i m i d o  

b o n d ,   a  c a r b a m o y l   b o n d ,   a  s u l f a m o y l   b o n d ,   e t c . ,   e i t h e r  

s i n g l y   or  as  a  c o m b i n a t i o n   t h e r e o f .  

The  d y e - p r o v i d i n g   m a t e r i a l s   may  be  u s e d   s o l e l y  

or  a  c o m b i n a t i o n   of  two  or  m o r e .   In  t h e   c a s e   of  u s i n g  

a  m i x t u r e ,   t he   same  c o l o r   may  be  f o r m e d   by  u s i n g   two  o r  

more  d y e s ,   or  b l a c k   may  be  f o r m e d   u s i n g   two  or  more  d y e s .  

P r a c t i c a l   e x a m p l e s   of  t h e   i m a g e - f o r m i n g   m a t e r i a l  

f o r   use   in  t h i s   i n v e n t i o n   a r e   d e s c r i b e d   in  t h e   p a t e n t  

s p e c i f i c a t i o n s   i n d i c a t e d   a b o v e .   E x a m p l e   c o m p o u n d s   a r e  

shown  b e l o w .  

For  e x a m p l e ,   t h e   d y e - p r o v i d i n g   m a t e r i a l s   shown  b y  

f o r e g o i n g   f o r m u l a   (CI)   a r e   as  f o l l o w s .  



















The  a b o v e - d e s c r i b e d   s p e c i f i c   c o m p o u n d s   a r e  

i l l u s t r a t e d   as  n o n - l i m i t i n g   e x a m p l e s   of   t h e   d y e - p r o v i d i n g  

m a t e r i a l s   f o r   u s e   in  t h i s   i n v e n t i o n .  

In  t h e   p r e s e n t   i n v e n t i o n   a  d y e - p r o v i d i n g   m a t e r i a l  

w h i c h   r e l e a s e s   or   p r o d u c e s   a  m o b i l e   dye  c o r r e s p o n d i n g   t o  

or  r e v e r s e l y   c o r r e s p o n d i n g   to  a  r e d u c t i o n   r e a c t i o n   o f  

a  s i l v e r   h a l i d e   t h r o u g h   a  r e d u c i n g   a g e n t   may  a l s o   b e  

p r e f e r a b l y   u s e d .   E x a m p l e s   of  s u c h   m a t e r i a l s   i n c l u d e   c o u p l e r ,  

a  dye   w h i c h   i s   a b l e   t o   f o r m   p o s i t i v e   c o l o r   i m a g e s   by  a  

p h o t o g r a p h i c   s i l v e r   dye  b l e a c h i n g   p r o c e s s ,   a  dye  h a v i n g  

i n t r o d u c e d   t h e r e i n   a  n i t r o g e n - c o n t a i n i n g   h e t e r o c y c l i c   r i n g  

g r o u p ,   a  d y e - p r o v i d i n g   m a t e r i a l   w h i c h   r e l e a s e s   a  m o b i l e  

dye  by  a  c o u p l i n g   r e a c t i o n   w i t h   a  r e d u c i n g   a g e n t   w h i c h   i s  

o x i d i z e d   by  an  o x i d a t i o n   r e d u c t i o n   r e a c t i o n   w i t h   a  s i l v e r  

h a l i d e   or  an  o r g a n i c   s i l v e r   s a l t   upon   h e a t   d e v e l o p m e n t ,  

a  n o n - d i f f u s i b l e   i m a g e - f o r m i n g   c o m p o u n d   which  c a u s e s   s e l f  

r i n g   c l o s u r e   in  t h e   p r e s e n c e   of  a  b a s e   to  r e l e a s e   a  d i f f u s i b l e  

d y e ,   bu t   d o e s   n o t   r e l e a s e   t h e   dye  when  t h e   c o m p o u n d   r e a c t s  

w i t h   t h e   o x i d a t i o n   p r o d u c t   of   a  d e v e l o p i n g   a g n e t ,   a  n o n -  

d i f f u s i b l e   i m a g e - f o r m i n g   c o m p o u n d   w h i c h   d o e s   n o t   r e l e a s e   a  

dye  by  i t s e l f   b u t   r e l e a s e s   a  dye  when  t h e   c o m p o u n d   r e a c t s  

w i t h   a  r e d u c i n g   a g e n t ,   and  a  l i n k e d   d o n o r   a c c e p t o r   c o m p o u n d  

w h i c h   i s  a   n o n d i f f u s i b l e   i m a g e - f o r m i n g   c o m p o u n d   and  c a u s e s  

a  d o n o r - a c c e p t o r   r e a c t i o n   in  t he   p r e s e n c e   of   a  b a s e   t o  

r e l e a s e   a  d i f f u s i b l e   d y e ,   b u t   does   n o t   s u b s t a n t i a l l y   r e l e a s e  

t h e   dye  when  t h e   c o m p o u n d   r e a c t s   w i t h   t h e   o x i d a t i o n   p r o d u c t  

of   a  d e v e l o p i n g   a g e n t .  



Many  of  t h e   a b o v e - d e s c r i b e d   m a t e r i a l s   f o r m  a n  

i m a g e w i s e   d i s t r i b u t i o n   of  a  m o b i l e   dye  by  h e a t   d e v e l o p -  

ment   c o r r e s p o n d i n g   to  t h e   e x p o s e d   p o r t i o n   of  a  l i g h t -  

s e n s i t i v e   m a t e r i a l ,   and  a  p r o c e s s   f o r   v i s u a l i z i n g   t h e  

dye  image  in  a  d y e - f i x i n g   m a t e r i a l   ( s o - c a l l e d   d i f f u s i o n  

t r a n s f e r   p r o c e s s )   i s   d e s c r i b e d   i n   t h e   a b o v e - i n d i c a t e d  

p a t e n t   s p e c i f i c a t i o n s   and  E u r o p e a n   P a t e n t   A p p l i c a t i o n  

( p u b l i s h e d )   No.  1 1 9 , 6 1 5 .  

In  t h e   p r e s e n t   i n v e n t i o n ,   t h e   dye  p r o v i d i n g   m a t e r i a l  

and  o t h e r   p h o t o g r a p h i c   a d d i t i v e s   may  be  i n t r o d u c e d   t o  

t h e   l a y e r   of  t h e   l i g h t   s e n s i t i v e   m a t e r i a l   a c c o r d i n g   o n  

t h e   m e t h o d   d i s c l o s e d   in   c o l u m n   13  of  U . S .   P a t e n t  

4 , 5 0 0 , 6 2 7 .  

In  t h e   p r e s e n t   i n v e n t i o n ,   d e v e l o p i n g   a g e n t s   a n d  

r e d u c i n g   a g e n t s   as  d i s c l o s e d   in   c o l u m n   49  of  U . S .   P a t e n t  

4 , 5 0 0 , 6 2 6   may  be  u s e d .  

In  t h e   p r e s e n t   i n v e n t i o n ,   s i l v e r   h a l i d e   a n d  

o r g a n i c   s i l v e r   c o m p o u n d s   as  d i s c l o s e d   in   c o l u m n s   1 4 - 1 5  

in  U .S .   P a t e n t   4 , 5 0 0 , 6 2 7   may  be  u s e d .   B i n d e r s   w h i c h   a r e  

d i s c l o s e d   in   c o l u m n   15  of  t h e   same  p a t e n t   may  a l s o   b e  

u s e d   in  t h e   p r e s e n t   i n v e n t i o n .  

When  s p e c t r a l   s e n s i t i z a t i o n   i s   c a r r i e d   o u t   in   t h e  



p r e s e n t   i n v e n t i o n   s e n s i t i z i n g   dyes   d i s c l o s e d   in   c o l u m n s  

1 5 - 1 6   of  U . S .   P a t e n t   4 , 5 0 0 , 6 2 7   may  be  u s e d   in   t h e   m a n n e r  

a c c o r d i n g   on  t h e   m e t h o d   d i s c l o s e d   t h e r e i n .  

M e t h o d s   f o r   e x p o s u r e ,   d e v e l o p m e n t   and  a f t e r -  

t r e a t m e n t   d i s c l o s e d   in   c o l u m n   20  of  U . S .   P a t e n t  

4 , 5 0 0 , 6 2 7   may  be  a p p l i e d   to   t h e   h e a t   d e v e l o p a b l e   l i g h t -  

s e n s i t i v e   m a t e r i a l   of   t h e   p r e s e n t   i n v e n t i o n .  

S u p p o r t s ,   s u r f a c t a n t s ,   h a r d e n i n g   a g e n t s ,   m o r d a n t s ,  

dye   t r a n s f e r   a s s i s t a n t s ,   dye   f i x i n g   l a y e r s ,   dye   f i x i n g  

m a t e r i a l s ,   e t c . ,   w h i c h   a r e   d i s c l o s e d   in  U . S .   P a t e n t  

4 , 5 0 0 , 6 2 7   may  be  u s e d   in   t h e   p r e s e n t   i n v e n t i o n .  



E x a m p l e   1 

P r e p a r a t i o n   of   S i l v e r   I o d o b r o m i d e   E m u l s i o n  

G e l a t i n   (40  g)  and  KBr  (26  g)  w e r e   d i s s o l v e d   i n  

w a t e r   ( 3 , 0 0 0   m t ) .   The  s o l u t i o n   was  a g i t a t e d   a t   5 0 ° C .   A 

s o l u t i o n   o b t a i n e d   by  d i s s o l v i n g   s i l v e r   n i t r a t e   (34  g)  i n  

w a t e r   (200  m l ) ,   and  a  s o l u t i o n   (200  ml)  o b t a i n e d   b y  

d i s s o l v i n g   dye  I  ( 0 . 0 2   g)  shown  h e r e i n a f t e r   w e r e   a d d e d   t o  

t h e   KBr  s o l u t i o n   o v e r   a  p e r i o d   o f   10  m i n u t e s .   To  t h i s  

s o l u t i o n ,   a  s o l u t i o n   of  KI  ( 3 . 3   g)  in   w a t e r   (100  ml)  w a s  

a d d e d   o v e r   a  p e r i o d   of   2  m i n u t e s .   The  pH  o f  t h e   thus  p r e p a r e d  

s i l v e r   i d o b r o m i d e   e m u l s i o n   was  a d j u s t e d   to   p r e c i p i t a t e   t h e  

e m u l s i o n   and  t h e   e x c e s s   s a l t   was  t h e n   f i l t e r e d   o u t .   T h e  

pH  of   t h e   e m u l s i o n   was  a d j u s t e d   t o   6 .0   to   o b t a i n   a  s i l v e r  

i o d r o b o m i d e   e m u l s i o n   ( y i e l d :   400  g ) .  

P r e p a r a t i o n   o f   C o u p l e r   D i s p e r s i o n   in   G e l a t i n  

2 - d o d e c y l c a r b a m o y l - l - n a p h t h o l   (dye  p r o v i d i n g  

m a t e r i a l   (17)  5 g ) ,   s u c c i n i c   a c i d - 2 - e t h y l h e x y l   e s t e r  

s o d i u m   s u l f o n a t e   ( 0 . 5   g)  and  t r i c r e s y l   p h o s p h a t e   (TCP)  ( 2 . 5   g )  

w e r e   d i s s o l v e d   in   e t h y l   a c e t a t e   (30  m t ) .   The  r e s u l t i n g  

s o l u t i o n   was  m i x e d   w i t h   a  10  wt%  g e l a t i n   s o l u t i o n   (100  g )  

u n d e r   a g i t a t i o n ,   a n d ,   t h e   m i x t u r e   was  d i s p e r s e d   u s i n g   a  

h o m o g e n i z e r   f o r   10  m i n u t e s   a t   1 0 , 0 0 0   r p m .  

A  c o a t i n g   l i q u i d   h a v i n g   t h e   c o m p o s i t i o n   i n d i c a t e d  

b e l o w   was  a p p l i e d   t o   a  p o l y e t h y l e n e   t e r e p h t h a l a t e   f i l m   b a s e  



to   g i v e   a  w e t   t h i c k n e s s   of   60  µm  and  t h e n   d r i e d   to  p r e p a r e   a  

l i g h t - s e n s i t i v e   m a t e r i a l .  

The  l i g h t - s e n s i t i v e   m a t e r i a l   t h u s   p r e p a r e d   w a s  

i m a g e w i s e   e x p o s e d   u s i n g   a  t u n g s t e n   lamp  ( 2 , 0 0 0   l u x )   f o r   5 

s e c o n d s .   T h e n ,   t h e   e x p o s e d   m a t e r i a l   was  h e a t e d   u n i f o r m l y   o n  

a  h e a t   b l o c k   ( 1 5 0 ° C ,   20  s e c )   to   p r o v i d e   a  n e g a t i v e   cyan  dye  image. 

The  i m a g e   d e n s i t y   was  m e a s u r e d   w i t h   a  M a c b e t h   t r a n s m i s s i o n  

d e n s i t o m e t e r   (Model  T D - 5 0 4 ) :  D m i n  w a s  0 . 2 6  a n d  D m a x  w a s  2 . 1 3 .  

The  a b o v e   r e s u l t   i n d i c a t e s   t h a t   t h e   b a s e   p r e c u r s o r  

a c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n  p r o v i d e s   a  h i g h   d e n s i t y .  



E x a m p l e   2 

In  t h i s   e x a m p l e ,   a  s i l v e r   i o d o b r o m i d e   e m u l s i o n   o f  

t h e   same  t y p e   as  u s e d   in  E x a m p l e   1,  and  a  d i s p e r s i o n   of   d y e  

r e l e a s i n g   m a t e r i a l   p r e p a r e d   as  f o l l o w s   w e r e   u s e d .  

P r e p a r a t i o n   o f   D i s p e r s i o n   of  Dye  R e l e a s i n g   M a t e r i a l  

F i v e   g r a m s   of  a  dye  r e l e a s i n g   m a t e r i a l   (2)  and  0 .5   g  

of   s u r f a c t a n t   i . e .   s u c c i n i c   a c i d - 2 - e t h y l h e x y l   e s t e r   s o d i u m  

s u l f o n a t e   and  5  g  of   t r i c r e s y l   p h o s p h a t e   (TCP)  we re   d i s s o l v e d  

in   30  mi  of  e t h y l   a c e t a t e   u n d e r   h e a t i n g   a t   a b o u t   60°C .   T h e  

r e s u l t i n g   s o l u t i o n   was  m i x e d   w i t h   a  10  wt%  g e l a t i n   s o l u t i o n  

(100  g)  u n d e r   a g i t a t i o n ,   and  t h e   r e s u l t i n g   m i x t u r e   w a s  

d i s p e r s e d   u s i n g   a  h o m o g e n i z e r   f o r   10  m i n u t e s   a t   1 0 , 0 0 0   r p m .  

A  l i g h t - s e n s i t i v e   compos i t ion   was  p repa red   from  t h e  

f o l l o w i n g   f o r m u l a t i o n .  



The  a b o v e   c o m p o n e n t s   o f   ( a )  m   (f)   w e r e   m i x e d   a n d  

d i s s o l v e d   u n d e r   h e a t i n g .   The  r e s u l t i n g   s o l u t i o n   was  a p p l i e d  

o n t o   a  p o l y e t h y l e n e   t e r e p h t h a l a t e   f i l m   b a s e   to   g i v e   a  w e t  

t h i c k n e s s   of   30  µm  and  t h e n  d r i e d   to  p rov ide  a   l i g h t - s e n s i t i v e  

m a t e r i a l .   T h i s   m a t e r i a l   was  i m a g e w i s e   e x p o s e d   u s i n g   a  

t u n g s t e n   lamp  ( 2 , 0 0 0   l u x )   f o r   10  s e c o n d s   and  h e a t e d   u n i f o r m l y  

on  a  h e a t   b l o c k   ( 1 5 0 ° C )   f o r   20  s e c o n d s   to   p r o v i d e   s a m p l e   A. 

S a m p l e   B  was  p r e p a r e d   by  f o l l o w i n g   t h e   s a m e  

p r o c e d u r e   as  a b o v e   e x c e p t   t h a t   1 . 8   g  of   g u a n i d i n e t r i c h l o r o a c e t i c  

a c i d  w a s  u s e d  i n   p l a c e   o f   t h e   c o m p o u n d   o f   t h i s   i n v e n t i o n   of   ( e )  

in   S a m p l e   A,  S a m p l e   C  was  p r e p a r e d   u s i n g   2 . 1   g  of   g u a n i d i n e  

p h e n u l s u l f o n y l a c e t a t e   in   p l a c e   of   t h e   a f o r e s a i d   c o m p o u n d   o f  

t h i s   i n v e n t i o n ,   and   S a m p l e   D  was  p r e p a r e d   u s i n g   2 . 2   g  o f  

g u a n i d i n e   3 - s u l f a m o y l p h e n y l s u l f o n y l a c e t a t e   in   p l a c e   of  t h e  

a f o r e s a i d   c o m p o u n d   of   t h i s   i n v e n t i o n   and   t h e s e   s a m p l e s   w e r e  

p r o c e s s e d   by  t h e   same  m a n n e r   as  a b o v e .  

P r e p a r a t i o n   of   I m a g e - r e c e i v i n g   M a t e r i a l  

Ten  g r a m s   o f   m e t h y l   a c r y l a t e - N , N , N - t r i m e t h y l - N -  

v i n y l - b e n z y l a m m o n i u m   c h l o r i d e   c o p o l y m e r   ( m o l a r   r a t i o   o f  

m e t h y l   a c r y l a t e   t o   v i n y l   b e n z y l   ammonium  c h l o r i d e   i s   1 :1 )   w a s  

d i s s o l v e d   in  w a t e r   (200  m l ) ,   and  t h e   s o l u t i o n   was  m i x e d  

u n i f o r m l y   w i t h   10  wt%  l i m e - t r e a t e d   g e l a t i n   (100  g ) .   T h e  



r e s u l t i n g   m i x t u r e   was  u n i f o r m l y   s p r e a d   o n t o   a  p a p e r   b a s e  

l a m i n a t e d   w i t h   T i02   d i s p e r s e d   p o l y e t h y l e n e ,   t h e r e b y   f o r m i n g  

an  i m a g e - r e c e i v i n g   l a y e r   of   a  u n i f o r m   wet   t h i c k n e s s   of   90  u m .  

The  l a y e r   was  d r i e d   to   p r o v i d e   an  i m a g e - r e c e i v i n g   m a t e r i a l .  

The  i m a g e   r e c e i v i n g   m a t e r i a l   was  d i p p e d   in   w a t e r   a n d  

r e c o v e r e d   t h e r e f r o m .   S a m p l e s   A,  B,  C  and  D  of   t h e   l i g h t -  

s e n s i t i v e   m a t e r i a l   h e a t e d  w e r e   s u p e r i m p o s e d   on  e a c h   s a m p l e   o f  

i m a g e - r e c e i v i n g   m a t e r i a l   in   s u c h   a  m a n n e r   t h a t   e a c h   of   t h e  

l i g h t - s e n s i t i v e   l a y e r s   was  in   c o n t a c t   w i t h   t h e   i m a g e - r e c e i v i n g  

l a y e r ,   r e s p e c t i v e l y .  

A f t e r   h e a t i n g   on  a  h e a t   b l o c k   (80°C)   f o r   6  s e c o n d s ,  

e a c h   i m a g e - r e c e i v i n g   m a t e r i a l   was  p e e l e d   f r o m   e a c h   l i g h t -  

s e n s i t i v e   m a t e r i a l .   A  n e g a t i v e   m a g e n t a   image   was  f o r m e d   o n  

e a c h   i m a g e - r e c e i v i n g   m a t e r i a l .   The  d e n s i t y   o f   e a c h   n e g a t i v e  

image   was  m e a s u r e d   w i t h   a  M a c b e t h  ( R D - 5 1 9 )  r e f l e c t i o n  

d e n s i t o m e t e r .   The  r e s u l t s   w e r e   as  f o l l o w s .  

The  a b o v e   r e s u l t s   show  t h a t   t h e   b a s e   p r e c u r s o r  

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   g i v e s   h i g h   maximum  a n d  

low  min imum  d e n s i t i e s .  



S a m p l e s   A,  B,  C  and  D  w e r e   l e f t   t o   s t a n d   a t   6 0 ° C  

f o r   2  d a y s ,   and   t r e a t e d   as   a b o v e .   The  Dmin  and   Dmax  of  t h e  

i m a g e   of   S a m p l e   A  w e r e   0 . 2 3   and  2 . 0 1 , S  a m p l e   C  w e r e   0 . 2 0  

a n d   1 . 3 3   a n d   S a m p l e   D  w e r e   0 . 2 7   and  1 . 4 9   r e s p e c t i v e l y ,  

b u t   f o g   o c c u r r e d   t h r o u g h o u t   t h e   s u r f a c e   of   s a m p l e   B.  T h u s ,  

t h e   S a m p l e   o f   t h e   p r e s e n t   i n v e n t i o n   has   an  i m p r o v e d   s t o r a g e  

s t a b i l i t y .  

E x a m p l e   3 

The  p r o c e d u r e   o f   E x a m p l e   2  was  r e p e a t e d   e x c e p t   t h a t  

t h e   b a s e   p r e c u r s o r s   s h o w n   in  t h e   f o l l o w i n g   t a b l e   w e r e   u s e d .  

The  r e s u l t s   a r e   a l s o   shown   in  t h e   same  t a b l e .  

The   a b o v e   r e s u l t s   show  t h a t   b a s e   p r e c u r s o r s  

a c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n   g i v e   h i g h   maximum  d e n s i t i e s .  

E x a m p l e   4 

In   t h i s   e x a m p l e ,   an  o r g a n i c   s i l v e r   s a l t   o x i d i z i n g  

a g e n t   was   u s e d .  



P r e p a r a t i o n   of  S i l v e r   B e n z o t r i a z o l e   E m u l s i o n  

G e l a t i n   (28  g)  and  b e n z o t r i a z o l e   ( 1 3 . 2   g)  w e r e  

d i s s o l v e d   in  w a t e r   ( 3 , 0 0 0   m l ) .   The  r e s u l t i n g   s o l u t i o n   w a s  

a g i t a t e d   a t   40°C .   To  t h i s   s o l u t i o n ,   a  s o l u t i o n   h a v i n g  

s i l v e r   n i t r a t e   (17  g)  d i s s o l v e d   in   w a t e r   (100  ml)  was  a d d e d  

o v e r   a  p e r i o d   of   2  m i n u t e s .  

The  r e s u l t i n g   b e n z o t r i a z o l e   s i l v e r   e m u l s i o n   w a s  

p H - a d j u s t e d   to   p r e c i p i t a t e ,   and   t h e   e x c e s s   s a l t   was  f i l t e r e d  

o u t .   The  e m u l s i o n   was  a d j u s t e d   t o   a  pH  of  6 . 0 ,   t h e r e b y  

p r o v i d i n g   a  s i l v e r   b e n z o t r i a z o l e   e m u l s i o n   ( y i e l d :   400  g ) .  

U s i n g   t h i s   s i l v e r   b e n z o t r i a z o l e   e m u l s i o n ,   a ' l i g h t -  

s e n s i t i v e   c o a t i n g   c o m p o s i t i o n   was  p r e p a r e d   f r o m   t h e   f o l l o w i n g  

f o r m u l a t i o n .  



The  g e l a t i n   d i s p e r s i o n   o f   t h e   a c i d   p r e s u r s o r   o f  

t h e   a f o r e s a i d   c o m p o n e n t   (g)  was  p r e p a r e d   as  f o l l o w s .  

To  100  g  of   1%  a q u e o u s   s o l u t i o n   of   g e l a t i n   w a s  

a d d e d   10  g  of   t h e   c o m p o u n d   shown  b e l o w   and  t h e   c o m p o u n d   w a s  

p u l v e r i z e d   f o r   10  m i n u t e s   in   a  m i l l   u s i n g   100  g  of   g l a s s  

b e a d s   h a v i n g   a  mean  p a r t i c l e   s i z e   o f   a b o u t   0 . 6   mm.  B y  

s e p a r a t i n g   t h e   g l a s s   b e a d s   by  f i l t r a t i o n ,   a  g e l a t i n   d i s p e r s i o r  

o f   t h e   a c i d   p r e c u r s o r   was  o b t a i n e d .  

Above  c o m p o n e n t s   (a)  to   (g)  w e r e   m i x e d   and  b y  

f o l l o w i n g   t h e   same  p r o c e d u r e   as  in   E x a m p l e   2  u s i n g   t h e  

m i x t u r e ,   s a m p l e s   ( A ' ) ,   ( B ' )   and   ( C ' )   w e r e   p r e p a r e d .  

The  s a m p l e s   w e r e   a l s o   p r o c e s s e d   as   in   E x a m p l e   2  and  t h e  

r e s u l t s   t h u s   o b t a i n e d   a r e   s h o w n   b e l o w .  



From  t h e   r e s u l t s ,   i t   can   be  s e e n   t h a t   t h e   s a m p l e   o f  

t h i s   i n v e n t i o n   c o n t a i n i n g   t h e   b a s e   p r e c u r s o r   in   t h i s  

i n v e n t i o n   g i v e   b o t h   t h e   h i g h   maximum  d e n s i t y   and  t h e   l o w  

m i n i m u m   d e n s i t y .  

F u r t h e r m o r e ,   a f t e r   s t o r i n g   S a m p l e s   ( A ' ) ,   (B')   a n d  

(C ' )   f o r   2  d a y s   a t   6 0 ° C ,   and  t h e n   p r o c e s s i n g   i n  t h e   s a m e  

m a n n e r   as  a b o v e   and  t h e   r e s u l t s   s h o w e d   t h a t   t h e   m i n i m u m  

d e n s i t y   and  t h e   maximum  d e n s i t y   w e r e   0 . 2 3   and   2 . 2 1 ,   r e s p e c t i -  

v e l y   f o r   S a m p l e   (A')   and  0 . 2 0   and  1 . 5 2 ,   r e s p e c t i v e l y   f o r  

S a m p l e   ( C ' ) ,   w h i l e   S a m p l e   (B ' )   was  o v e r a l l   f o g g e d .   T h u s ,   i t  

can   be  s e e n   t h a t   t h e   s a m p l e   o f   t h i s   i n v e n t i o n   show  a  g o o d  

s t o r a g e   s t a b i l i t y .  

E x a m p l e   5 

P r e p a r a t i o n   of   S i l v e r   B e n z o t r i a z o l e   E m u l s i o n   C o n t a i n i n g  

L i g h t - s e n s i t i v e   S i l v e r   B r o m i d e  

B e n z o t r i a z o l e   ( 6 . 5   g)  and  g e l a t i n   (10  g)  w e r e  

d i s s o l v e d   in   w a t e r   ( 1 , 0 0 0   mk) .   The  r e s u l t i n g   s o l u t i o n   w a s  



a g i t a t e d   a t   5 0 ° C .   To  t h i s   s o l u t i o n ,   a  s o l u t i o n   of   s i l v e r  

n i t r a t e   ( 8 . 5   g)  d i s s o l v e d   in  w a t e r   (100  mi)  was  a d d e d   o v e r   a  

p e r i o d   of   2  m i n u t e s .  

T h e n ,   a  s o l u t i o n   of   p o t a s s i u m   b r o m i d e   ( 1 . 2   g )  

d i s s o l v e d   in   w a t e r   (50  ml)  was  a d d e d   to   t h e   a b o v e - o b t a i n e d  

s o l u t i o n   o v e r   a  p e r i o d   of   2  m i n u t e s .   The  t h u s   p r e p a r e d  

e m u l s i o n   was  p H - a d j u s t e d   to   p r e c i p i t a t e ,   and   t h e   e x c e s s   s a l t  

was  f i l t e r e d   o u t .   The  e m u l s i o n   was  a d j u s t e d   t o   a  pH  of   6 . 0 ,  

t h e r e b y   p r o v i d i n g   a  s i l v e r   b e n z o t r i a z o l e   e m u l s i o n   ( y i e l d :  

200  g ) .  

P r e p a r a t i o n   o f   G e l a t i n   D i s p e r s i o n   of   Dye  R e l e a s i n g   M a t e r i a l   ( 1 6 )  

Ten  g r a m s   o f   a  dye  r e l e a s i n g   m a t e r i a l   (16)  of   t h e  

f o l l o w i n g   f o r m u l a :  

a n d   0 . 5   g  o f   a  s u r f a c t a n t   i . e . ,   s u c c i n i c   a c i d - 2 - e t h y l h e x y l  

e s t e r   s o d i u m   s u l f a t e ,   and   4  g  of   t r i c r e s y l   p h o s p h a t e   (TCP) 



w e r e   d i s s o l v e d   in   20  ml  of   c y c l o h e x a n o n e   u n d e r   b e a  

a b o u t   6 0 ° C ,   t h e r e b y   p r o d u c i n g   a  u n i f o r m   s o l u t i o n .   T h i s  

s o l u t i o n   was  m i x e d   w i t h   a  10  wt%  s o l u t i o n   of   l i m e - t r e a t e d  

g e l a t i n   (100  g)  u n d e r   a g i t a t i o n ,   and  t h e   m i x t u r e   w a s  

d i s p e r e d   w i t h   h o m o g e n i z e r   f o r   10  m i n u t e s   a t   1 0 , 0 0 0   r p m .  

A  c o a t i n g   c o m p o s i t i o n   f o r   l i g h t - s e n s i t i v e  

m a t e r i a l   was  p r e p a r e d   f rom  t h e   f o l l o w i n g   f o r m u l a t i o n .  

(a)  S i l v e r   b e n z o t r i a z o l e   e m u l s i o n   c o n t a i n i n g  

The  a b o v e   c o m p o n e n t s   of   ( a )  -   (e)  w e r e   m i x e d   a n d  

d i s s o l v e d   u n d e r   h e a t i n g .   The  r e s u l t i n g   s o l u t i o n   was  a p p l i e d  

to   a  p o l y e t h y l e n e   t e r e p h t h a l a t e   f i l m   b a s e   (180  µm  t h i c k )   t o  

fo rm  a  l i g h t - s e n s i t i v e   l a y e r   h a v i n g   a  we t   t h i c k n e s s   of   30  p m .  

The  r e s u l t i n g   web  was  d r i e d   and  i m a g e w i s e   e x p o s e d   u s i n g   a  

t u n g s t e n   l amp  (2000   l u x )   f o r   10  s e c o n d s   and  s u b s e q u e n t l y  

h e a t e d   u n i f o r m l y   on  a  h e a t   b l o c k   (150°C)   f o r   20  s e c o n d s .  

The  h e a t e d   s a m p l e   of   l i g h t - s e n s i t i v e   m a t e r i a l  

was  s u p e r i m p o s e d   on  an  i m a g e - r e c e i v i n g  m a t e r i a l   p r e p a r e d  

in  E x a m p l e   2,  and  s u b s e q u e n t l y   p r o c e s s e d   as  in   E x a m p l e   2 

to  p r o v i d e   a  n e g a t i v e   m a g e n t a   i m a g e   on  t h e   i m a g e - r e c e i v i n g  

m a t e r i a l .   M e a s u r e m e n t   w i t h   a - r e f l e c t i o n   d e n s i t o -  

m e t e r   s h o w e d   t h a t   t h e   n e g a t i v e   i m a g e   had   Dmax  2 . 0 6   a n d  

Dmin  0 . 2 0 .  



Thus   i t   was  f o u n d   t h a t   t h e   c o m p o u n d  

p r e s e n t   i n v e n t i o n   p r o v i d e s   e x c e l l e n t   e f f e c t s .  

E x a m p l e   6 

P r e p a r a t i o n   of   G e l a t i n  D i s p e r s i o n   of   Dye  
R e l e a s i n g   M a t e r i a l   ( 1 8 )  

F i v e   g r a m s   of   e a c h   of   r e d u c i b l e   dye   r e l e a s i n g  

m a t e r i a l s   o f  

a n d  

f o u r   g r a m s   o f  t h e   e l e c t r o n   d o n o r   h a v i n g   t h e   f o l l o w i n g   f o r m u l a :  



and  0 .5   g  of  s u c c i n i c   a c i d - 2 - e t h y l h e x y l   e s t e r   s o d i u m  s u l f a t e ,  

and  10  g  of  t r i c r e s y l   p h o s p h a t e   (TCP)  were   d i s s o l v e d   in  20  mk 

of  c y c l o h e x a n o n e   u n d e r   h e a t i n g   a t   a b o u t   60°C.   T h i s   s o l u t i o n  

was  m i x e d   w i t h   a  10  wt%  s o l u t i o n   of  g e l a t i n  

(100  g)  u n d e r   a g i t a t i o n ,   and  t h e   m i x t u r e   was  d i s p e r s e d   w i t h  

h o m o g e n i z e r   f o r   10  m i n u t e s   a t   1 0 , 0 0 0   r p m .  

A  c o a t i n g   c o m p o s i t i o n   f o r   l i g h t - s e n s i t i v e   m a t e r i a l  

was  p r e p a r e d   f r o m   t he   f o l l o w i n g   f o r m u l a t i o n .  

(a)  S i l v e r   b e n z o t r i a z o l e   e m u l s i o n   c o n t a i n i n g  

l i g h t - s e n s i t i v e   s i l v e r   b r o m i d e   ( o b t a i n e d  

To  t h e   a b o v e   c o m p o n e n t s   of  ( a )  -   (d)  w e r e   a d d e d  

4  ml  of  w a t e r ,   m i x e d   and  d i s s o l v e d   u n d e r   h e a t i n g .   T h e  

r e s u l t i n g   s o l u t i o n   was  a p p l i e d   to   a  p o l y e t h y l e n e   t e r e p h t h a l a t e  

f i l m   b a s e   to   f o r m   a  l i g h t - s e n s i t i v e   l a y e r   h a v i n g   a  we t   t h i c k -  

n e s s   o f   30  µm.  The  r e s u l t i n g   web  was  d r i e d   and   i m a g e w i s e  

e x p o s e d   u s i n g   a  t u n g s t e n   l amp  ( 2 0 0 0  l u x )   f o r   10  s e c o n d s   a n d  

s u b s e q u e n t l y   h e a t e d   u n i f o r m l y   on  a  h e a t   b l o c k   ( 1 4 0 ° C )   f o r  

40  s e c o n d s .  



The  h e a t e d   s a m p l e   of  l i g h t - s e n s i t i v e   m a t e r i a l  

was  s u p e r i m p o s e d   on  an  i m a g e - r e c e i v i n g   m a t e r i a l   p r e p a r e d  

in  E x a m p l e   2  p r e v i o u s l y   i m p r e g n a t e d   w i t h   w a t e r ,   a n d  

s u b s e q u e n t l y   p r o c e s s e d   as  in  E x a m p l e   2  to   p r o v i d e   a  

p o s i t i v e   m a g e n t a   image   on  t h e   i m a g e - r e c e i v i n g   m a t e r i a l .  

M e a s u r e m e n t   w i t h   a  r e f l e c t i o n   d e n s i t o m e t e r   u s i n g   g r e e n  

l i g h t   s h o w e d   t h a t   t h e   image   had  Dmax  1 . 9 2   and  Dmin  0 . 2 6 .  

Thus   i t   was  f o u n d   t h a t   t h e   b a s e   p r e c u r s o r   of  t h e  

p r e s e n t   i n v e n t i o n   p r o v i d e s   e x c e l l e n t   e f f e c t s .  

W h i l e   t h e   i n v e n t i o n   has   b e e n   d e s c r i b e d   in  d e t a i l  

and  w i t h   r e f e r e n c e   t o  s p e c i f i c   e m b o d i m e n t s   t h e r e o f ,   i t  

w i l l   be  a p p a r e n t   t o  o n e   s k i l l e d   in   t h e   a r t   t h a t   v a r i o u s  

c h a n g e s   and  m o d i f i c a t i o n s   can   be  made  t h e r e i n   w i t h o u t  

d e p a r t i n g   f r o m   t h e   s p i r i t   and  s c o p e   t h e r e o f .  



1.  A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l  

c o m p r i s i n g   a  s u p p o r t   and  f o r m e d   t h e r e o n   a  h e a t   d e v e l o p a b l e  

l i g h t - s e n s i t i v e   l a y e r ,   w h e r e i n   s a i d   l i g h t - s e n s i t i v e  

m a t e r i a l   c o n t a i n s   at   l e a s t   one  c o m p o u n d   s e l e c t e d   f r o m  

t h e   g r o u p   c o n s i s t i n g   of  c o m p o u n d s   r e p r e s e n t e d   by  f o r m u l a  

(I)   or  ( I I )   as  a  b a s e   p r e c u r s o r :  

w h e r e i n   R  r e p r e s e n t s   a  s u b s t i t u t e d   or  u n s u b s t i t u t e d   a l k y l  

g r o u p ,   a  s u b s t i t u t e d   or  u n s u b s t i t u t e d   c y c l o a l k y l   g r o u p ,  

a  s u b s t i t u t e d   or  u n s u b s t i t u t e d   a l k e n y l   g r o u p ,   a  s u b -  

s t i t u t e d   or  u n s u b s t i t u t e d   a l k y n y l   g r o u p ,   a  s u b s t i t u t e d  

or  u n s u b s t i t u t e d   a r a l k y l   g r o u p ,   a  s u b s t i t u t e d   or  u n - s u b s t i t u e d  

a ry l   group  or  a  h e t e r o c y c l i c   group;  X  r e p r e s e n t s   a  s u b s t i t u e n t ;  

p  r e p r e s e n t s   an  i n t e g e r   of  0  to  4;  B  r e p r e s e n t s   a  m o n o -  

a c i d i c   b a s e   or  d i a c i d i c   b a s e ;   M  r e p r e s e n t s   an  a l k a l i  

m e t a l   or  an  a l k a l i n e   e a r t h   m e t a l ;   and  m  r e p r e s e n t s  1   w h e n  

B  r e p r e e n t s   m o n o a c i d i c   b a s e   and  r e p r e s e n t s   2  when  B 

r e p r e s e n t s   d i a c i d i c   b a s e ,   and  m'  r e p r e s e n t s   t h e   v a l e n c e  

n u m b e r   of  M. 



2.  A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   a s  

in  c l a i m   1,  w h e r e i n   t h e   h e t e r o c y c l i c   r i n g   r e p r e s e n t e d   b y  

R  is   a  5-  or  6 - m e m b e r e d   h e t e r o c y c l i c   r i n g   c o n t a i n i n g   a t  

l e a s t   one   of  n i t r o g e n   a t o m ,   an  o x y g e n   a t o m ,   and   a  s u l f u r  

a t o m .  

3.  A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   as  i n  

c l a i m   2,  w h e r e i n   s a i d   h e t e r o c y c l i c   r i n g   i s   s e l e c t e d   f r o m  

t h e   g r o u p   c o n s i s t i n g   of   a  p y r i d y l   g r o u p ,   p y r a z o l y l  

g r o u p ,   and  i m i d a z o l y l   g r o u p .  

4.  A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   a s  

in  c l a i m   1,  w h e r e i n   t h e   s u b s t i t u e n t   of  s a i d   s u b s t i t u t e d  

g r o u p s   r e p r e s e n t e d   by  R  i s   s e l e c t e d   f rom  t h e   g r o u p  

c o n s i s t i n g   of  an  a l k y l   g r o u p ,   an  a l k y l -   or   a r y l s u l f o n y l  

g r o u p ,   a  s u l f a m o y l   g r o u p ,   an  N - a l k y l -   or  N - a r y l s u l f a m o y l  

g r o u p ,   a  c a r b a m o y l   g r o u p ,   an  N - a l k y l -   or  N - a r y l c a r b a m o y l  

g r o u p ,   an  a l k y l   or  a r y l s u l f o n a m i d o   g r o u p ,   an  a l k y l -   o r  

a r y l a c y l   a m i d o   g r o u p ,   a  h a l o g e n   a t o m ,   and  a  h y d r o x y -  

c a r b o n y l   g r o u p .  

5.  A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   a s  

in  c l a i m   1,  w h e r e i n   B  i s   an  o r g a n i c   a c i d   b a s e   h a v i n g   a  p K a  

of  n o t   l e s s   t h a n   7  and  h a v i n g   n o t   more   t h a n   12  c a r b o n   a t o m s .  

6.  A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t r i a l   a s  

in   c l a i m   5,  w h e r e i n   B  has   a  b o i l i n g   p o i n t   o f   n o t   l e s s  



t h a n   1 5 0 ° C .  

7.  A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   as  i n  

. c l a i m   6,  w h e r e i n   B  i s   a  m o n o a c i d i c   or   d i a c i d i c   n i t r o g e n  

c o n t a i n i n g   s u l f u r   f r e e   b a s e .  

8.  A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   as  i n  

c l a i m   5,  w h e r e i n   B  r e p r e s e n t s   an  o r g a n i c   b a s e   s e l e c t e d  

f rom  t h e   g r o u p   c o n s i s t i n g   of  an  a r o m a t i c   or  a l i p h a t i c  

a m i n e ,   an  a r o m a t i c   or  a l i p h a t i c   d i a m i n e ,   a  p i p e r i d i n e ,  

p i p e r a d i n e ,   a  g u a n i d i n e ,   a  c y c l i c   g u a n i d i n e ,   an  a m i d i n e ,  

a  c y c l i c   a m i d i n e ,   a  t e t r a a l k y l a m m o n i u m   h y d r o x i d e .  

9.  A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   a s  

in  c l a i m   1,  w h e r e i n   M  r e p r e s e n t s   an  atom  s e l e c t e d   f r o m  

t h e   g r o u p   c o n s i s t i n g   of  Na,  K,  Cs  and  B a .  

10.   A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   as  i n  

c l a i m   1,  w h e r e i n   X  r e p r e s e n t s   a  g r o u p   or  a tom  s e l e c t e d  

f rom  t h e   g r o u p   c o n s i s t i n g   of  a  h y d r o g e n   a t o m ,   a  h a l o g e n  

a t o m ,   an  a l k y l   g r o u p ,   a  c y c l o a l k y l   g r o u p ,   an  a r a l k y l  

g r o u p ,   an  a l k o x y   g r o u p ,   an  a r y l o x y   g r o u p ,   an  a r y l   g r o u p ,  

an  a l k y l   or  a r y l   a c y l a m i n o   g r o u p ,   an  a l k y l   or  a r y l   a c y l  

g r o u p ,   a  c y a n o   g r o u p ,   an  a l k y l s u l f o n y l a m i n o   g r o u p ,   a  n i t r o  

g r o u p ,   an  a r y l s u l f o n y l a m i n o   g r o u p ,   an  a l k y l s u l f o n y l   g r o u p ,  

an  a r y l s u l f o n y l   g r o u p ,   a  s u l f a m o y l   g r o u p ,   a  s u b s t i t u t e d  

s u l f a m o y l   g r o u p ,   a  c a r b a m o y l   g r o u p ,   a  s u b s t i t u t e d   c a r b a m o y l  

g r o u p ,   an  a l k y l t h i o   g r o u p ,   an  a r y l t h i o   g r o u p ,   an  a l k o x y -  



c a r b o n y l   g r o u p ,   an  a r y l o x y c a r b o n y l   g r o u p ,   an  a l k y l   o r  

a r y l a c y l o x y   g r o u p ,   and  s u b s t i t u t e d   g r o u p s   t h e r e o f   a t   t h e  

a l k y l   or  a r y l   m o i e t y   t h e r e o f ,   - O M 1 / m ' ,   - C O O M 1 / m ' ,   - O H · B 1 / m  

( w h e r e i n   -OH  is   p h e n o l i c ) ,   -COOH-B1/m,   w h e r e i n   M,  B,  m 

and  m'  have   same  d e f i n i t i o n s   as  d e f i n e d   in   c l a i m   1 .  

11 .   A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   a s  

in  c l a i m   1,  w h e r e i n   s a i d   b a s e   p r e c u r s o r   i s   i n c o r p o r a t e d  

in  an  a m o u n t   of  f r o m   0 . 0 0 1   to  50%  by  w e i g h t   b a s e d   on  t h e  

t o t a l   w e i g h t   of  t h e   d ry   c o a t e d   l a y e r   of  t h e   l i g h t - s e n s i t i v e  

m a t e r i a l .  

1 2 .   A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   as  i n  

c l a i m   1,  w h e r e i n   s a i d   h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e  

l a y e r   c o m p r i s e s   of  a  s i l v e r   h a l i d e   e n u l s i o n   l a y e r .  

13.   A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   a s  

in  c l a i m   12,  w h e r e i n   s a i d   s i l v e r   h a l i d e   e m u l s i o n   c o n t a i n s  

a  s e n s i t i z i n g   d y e .  

14.   A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   a s  

in   c l a i m   13;  w h e r e i n   t h e   a m o u n t   of  t h e   s e n s i t i z i n g   d y e  

i s   f r om  0 . 0 0 1   to  20  g  p e r   100  g  of  s i l v e r   of   t h e   s i l v e r  

h a l i d e   e m u l s i o n .  

15.  A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   as  i n  

c l a m   12,  w h e r e i n   t h e   l i g h t - s e n s i t i v e   m a t e r i a l   c o n t a i n s   a  

dye  p r o v i d i n g   m a t e r i a l   w h i c h   r e l e a s e s   or   p r o d u c e s   a  m o b i l e  



i y e  c o r r e s p o n d i n g   to   o r   r e v e r s e l y   c o r r e s p o n d i n g   to   a  r e d u c t i o n  

r e a c t i o n   o f  a   s i l v e r   h a l i d e   t h r o u g h   a  r e d u c i n g   a g e n t   as  a  

i m a g e   f o r m i n g   m a t e r i a l .  

16.  A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   a s  

in  c l a i m   12,  w h e r e i n   t h e   l i g h t - s e n s i t i v e   m a t e r i a l   c o n t a i n s  

at  l e a s t   one  image   f o r m i n g   m a t e r i a l   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of  a  c o u p l e r ,   a  dye  w h i c h   is   a b l e   t o  

f o r m   p o s i t i v e   c o l o r   i m a g e s   by  a  p h o t o g r a p h i c   s i l v e r   d y e  

b l e a c h i n g   p r o c e s s ,   a  dye  h a v i n g   i n t r o d u c e d   t h e r e i n   a  

n i t r o g e n - c o n t a i n i n g   h e t e r o c y c l i c   r i n g   g r o u p ,   a  d y e -  

p r o v i d i n g   m a t e r i a l   w h i c h   r e l e a s e s   a  m o b i l e   dye  by  a  c o u p l -  

ing   r e a c t i o n   w i t h   a  r e d u c i n g   a g e n t   w h i c h   i s   o x i d i z e d   b y  

an  o x i d a t i o n   r e d u c t i o n   r e a c t i o n   w i t h   a  s i l v e r   h a l i d e   o r  

an  o r g a n i c   s i l v e r   s a l t   u p o n   h e a t   d e v e l o p m e n t ,   a  n o n -  

d i f f u s i b l e   i m a g e - f o r m i n g   c o m p o u n d   w h i c h   c a u s e s   s e l f   r i n g  

c l o s u r e   in  t he   p r e s e n c e   of  a  b a s e   to  r e l e a s e   a  d i f f u s i b l e  

d y e ,   b u t   does   no t   r e l e a s e   t he   dye  when  t he   c o m p o u n d   r e a c t s  

w i t h   t h e   o x i d a t i o n   p r o d u c t   of  a  d e v e l o p i n g   a g e n t ,   and  a  

n o n - d i f f u s i b l e   i m a g e - f o r m i n g   c o m p o u n d   w h i c h   d o e s   n o t  

r e l e a s e   a  dye  by  i t s e l f   b u t   r e l e a s e s   a  dye  when   t h e   c o m p o u n d  

r e a c t s   w i t h   a  r e d u c i n g   a g e n t ,   and  a  l i n k e d   d o n o r   a c c e p t o r  

c o m p o u n d   w h i c h   i s   a  n o n d i f f u s i b l e   i m a g e - f o r m i n g   c o m p o u n d  

and  c a u s e s   a  d o n o r - a c c e p t o r   r e a c t i o n   in   t h e   p r e s e n s e   o f   a  

b a s e   to   r e l e a s e   a  d i f f u s i b l e   d y e ,   b u t   d o e s   n o t   s u b s t a n t i a l l y  

r e l e a s e   t h e   dye  when  t h e   c o m p o u n d   r e a c t s   w i t h   t h e   o x i d a t i o n  

p r o d u c t   o f   a  d e v e l o p i n g   a g e n t .  



17.  A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   a s  

in   c l a i m   12,  w h e r e i n   t h e   l i g h t - s e n s i t i v e   m a t e r i a l   c o n t a i n s  

a t   l e a s t   one  i m a g e   f o r m i n g   m a t e r i a l   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of  a  c o u p l e r ,   a  dye  w h i c h   i s   a b l e   t o  

f o r m   p o s i t i v e   c o l o r   i m a g e s   by  a  p h o t o g r a p h i c   s i l v e r   d y e  

b l e a c h i n g   p r o c e s s ,   a  dye  h a v i n g   i n t r o d u c e d   t h e r e i n   a  

n i t r o g e n - c o n t a i n i n g   h e t e r o c y c l i c   r i n g   g r o u p ,   a  d y e -  

p r o v i d i n g   m a t e r i a l   w h i c h   r e l e a s e s   a  m o b i l e   dye   by  a  c o u p l -  

i n g   r e a c t i o n   w i t h   a  r e d u c i n g   a g e n t   w h i c h   i s   o x i d i z e d   b y  

an  o x i d a t i o n   r e d u c t i o n   r e a c t i o n   w i t h   a  s i l v e r   h a l i d e   o r  

an  o r g a n i c   s i l v e r   s a l t   upon   h e a t   d e v e l o p m e n t ,   a  d y e -  

p r o v i d i n g   m a t e r i a l   w h i c h   r e l e a s e s   a  m o b i l e   dve   as  a  r e s u l t  

o f   an  o x i d a t i o n - r e d u c t i o n   r e a c t i o n   w i t h   s i l v e r   h a l i d e   o r  

an  o r g a n i c   s i l v e r   s a l t   upon   h e a t   d e v e l o p m e n t ,   a  n o n -  

d i f f u s i b l e   i m a g e - f o r m i n g   c o m p o u n d   w h i c h   c a u s e s   s e l f   r i n g  

c l o s u r e   in   t h e   p r e s e n c e   of  a  b a s e   to  r e l e a s e   a  d i f f u s i b l e  

d y e ,   b u t   d o e s   n o t   r e l e a s e   t h e   dye  when  t h e   c o m p o u n d   r e a c t s  

w i t h   t h e   o x i d a t i o n   p r o d u c t   of  a  d e v e l o p i n g   a g e n t ,   a  

n o n - d i f f u s i b l e   i m a g e - f o r m i n g   c o m p o u n d   w h i c h   d o e s   n o t  

r e l e a s e   a  dye   by  i t s e l f   b u t   r e l e a s e s   a  dye   when  t h e   c o m p o u n d  

r e a c t s   w i t h   a  r e d u c i n g   a g e n t ,   and  a  l i n k e d   d o n o r   a c c e p t o r  

c o m p o u n d  w h i c h   i s   a  n o n d i f f u s i b l e   i m a g e - f o r m i n g   c o m p o u n d  

and   c a u s e s   a  d o n o r - a c c e p t o r   r e a c t i o n   in   t h e   p r e s e n s e   of  a  

b a s e   t o   r e l e a s e   a  d i f f u s i b l e   d y e ,   b u t   d o e s   n o t   s u b s t a n t i a l l y  

r e l e a s e   t h e   dye   when  t h e   c o m p o u n d   r e a c t s   w i t h   t h e   o x i d a t i o n  

p r o d u c t   o f   a  d e v e l o p i n g   a g e n t .  



18.  A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   a s  

in  c l a i m   12  w h e r e i n   t h e   l i g h t - s e n s i t i v e   m a t e r i a l   f u r t h e r  

c o m p r i s e s   at   l e a s t   one  of  an  i n t e r l a y e r ,   a  f i l t e r   l a y e r ,  

an  a n t i h a l a t i o n   l a y e r ,   a  p r o t e c t i v e   l a y e r ,   and  an  i m a g e  

f i x i n g   l a y e r   p r o v i d e d   on  t h e   s u p p o r t .  

19.  A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   a s  

in  c l a i m   12,   w h e r e i n   s a i d   b a s e   p r e c u r s o r   is  i n c o r p o r a t e d  

in  t h e   s i l v e r   h a l i d e   e m u l s i o n   l a y e r .  

20.  A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   a s  

in  c l a i m   12,   w h e r e i n   t h e   l i g h t - s e n s i t i v e   m a t e r i a l   f u r t h e r  

c o m p r i s e s   of  an  image  f i x i n g   l a y e r   p r o v i d e d   on  a  s u p p o r t  

o t h e r   t h a n   t h a t   f o r   t h e   l i g h t - s e n s i t i v e   l a y e r ,   and  s a i d  

b a s e   p r e c u r s o r   is  i n c o r p o r a t e d   in  t h e   image   f i x i n g   l a y e r .  

21.  A  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l   a s  

in  c l a i m l o ,   w h e r e i n   X  r e p r e s e n t s   a  g r o u p   o t h e r   t h a n   a  

c a r b o x y m e t h y l s u l f o n y l   g r o u p .  

22.  A  m e t h o d   f o r   p r o d u c i n g   an  i m a g e ,   w h i c h   c o m p r i s e s  

h e a t   d e v e l o p i n g   a  h e a t   d e v e l o p a b l e   l i g h t - s e n s i t i v e   m a t e r i a l  

c o m p r i s i n g   a  s u p p o r t   and  f o r m e d   t h e r e o n   a  h e a t   d e v e l o p a b l e  

l i g h t - s e n s i t i v e   l a y e r ,   s a i d   l i g h t - s e n s i t i v e   m a t e r i a l  

c o n t a i n s   at  l e a s t   one  compound   s e l e c t e d   f rom  t h e   g r o u p  

c o n s i s t i n g   of  c o m p o u n d s   r e p r e s e n t e d   by  f o r m u l a   ( I )   or   ( I I )  

as  a  b a s e   p r e c u r s o r :  



w h e r e i n   R  r e p r e s e n t s   a  s u b s t i t u t e d   or  u n s u b s t i t u t e d   a l k y l  

g r o u p ,   a  s u b s t i t u t e d   or  u n s u b s t i t u t e d   c y c l o a l k y l   g r o u p ,  

a  s u b s t i t u t e d   or  u n s u b s t i t u t e d   a l k e n y l   g r o u p ,   a  s u b s t i t u t e d  

or  u n s u b s t i t u t e d   a l k y n y l   g r o u p ,   a  s u b s t i t u t e d   or  u n -  

s u b s t i t u t e d   a r a l k y l   g r o u p ,   a  s u b s t i t u t e d   or  u n s u b s t i t u t e d  

a ry l   group  or  a  h e t e r o c y c l i c   group:  X  r e p r e s e n t s   a  s u b s t i t u e n t ;   P 

r e p r e s e n t s   an  i n t e g e r   of  0  to  4;  B  r e p r e s e n t s   a  m o n o -  

a c i d i c   b a s e   or  d i a c i d i c   b a s e ;   M  r e p r e s e n t s   an  a l k a l i   m e t a l  

or  an  a l k a l i n e   e a r t h   m e t a l ;   and  m  r e p r e s e n t s   1  when  B 

r e p r e s e n t s   m o n o a c i d i c   b a s e   and  r e p r e s e n t s   2  when  B  r e p r e -  

s e n t s   d i a c i d i c   b a s e ,   and  m'  r e p r e s e n t s   t h e   v a l e n c e   n u m b e r  

of  M. 
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